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HIA-A2 ■ 1 RTWnTNG PEPTTn gs AMD TITRIR UgRfi 

The present application is a continuation in part of 
USSN 08/159,184, which is a continuation in part of USSN 
08/073,205, vrtiich is a continuation in part of USSN 
08/027,146, all of which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 
The present invention relates to compositions and 
methods for preventing, treating or diagnosing a number of 
pathological states such as viral diseases and cancers. In 
particular, it provides novel peptides capable of binding 
selected major histocon?)atibllity conplex (MHC) molecules and 
inducing an immune response. 

MHC molecules are classified as either Class I or 
Class II molecules. Class II MHC molecules are expressed 
primarily on cells involved in initiating and sustaining 
immune responses, such as T lyn?)hocytes , B lyn?)hocytes, 
macrophages, etc. Class II MHC molecules are recogniz^ by 
helper T lymphocytes and induce proliferation of helper T 
lymphocytes and amplification of the immune response to the 
particular immunogenic peptide that is displayed. Class I MHC 
molecules are expressed on almost all nucleated cells and are 
recognized by cytotoxic T lymphocytes (CTLs) , which then 
destroy the antigen-bearing cells. CTLs are particularly 
important in tumor rejection and in fighting viral infections. 

The CTL recognizes the antigen in the form of a 
peptide fragment bound to the MHC class I molecules rather 
than the intact foreign antigen itself. The antigen must 
normally be endogenously synthesized by the cell, and a 
portion of the protein antigen is degraded into small peptide 
fragments in the cytoplasm. Some of these small peptides 
translocate into a pre-Golgi con?)artment and interact with 
class I heavy chains to facilitate proper folding and 
association with the subtinit /32 microglobulin. The 
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peptide -MHC class I coi&plex is then routed to the cell surface 
for expression and potential recognition by. specific CTLs. 

Investigations of the crystal structure of the human 
MHC class I molecule. HLA.A2.1. indicate that a peptide 
binding groove is created by the folding of the al and a2 
domains of the class I heavy chain (Bjorkman et al., NafcuEg 
329:506 (1987). In these investigations, however, the 
identity of peptides bound to the groove was not determined. 

Buus et al., ggj,^ncg 242:1065 (1988) first described 
a method for acid elution of bound peptides from MHC. 
Subsequently, Rammensee and his coworkers (Falk et al.. JJatUEe 
351:290 (1991) have developed an approach to characterize 
naturally processed peptides bound to class I molecules. 
Other investigators have successfully achieved direct amino 
acid sequencing of the more abundant peptides in various HPLC 
fractions by conventional automated sequencing of peptides 
eluted from class I molecules of the B type (Jardetzlqr. et 
al., fiatUEfi 353:326 (1991) and of the A2.1 type by mass 
spectrometry (Hunt, et al.. Science 225:1261 (1992). A review 
of the characterization of naturally processed peptides in MHC 
Class I has been presented by R6tzschke and Falk (Rdtzschke 
and Falk, Immunol. Today 12:447 (1991). 

Sette et al., Prpc. Natl. Acad, <^o^ nan 86:3296 
(1989) showed that MHC allele specific motifs could be used to 
predict MHC binding capacity. Schaeffer et al., Proc. NaM , 
■ AC»d, Sci. W 86:4649 (1989) showed that MHC binding was 
related to imraunogenicity. Several authors (De Bruijn et al.. 
Bur, ^, Im^ffjTipl ,, 21:2963-2970 (1991); Pamer et al., 991 
HatliES 353:852-955 (1991)) have provided preliminar^ evidence 
that class I binding motifs can be applied to the 
identification of potential immunogenic peptides in animal 
models. Class I motifs specific for a number of human alleles 
of a given class l isotype have yet to be described. It is 
desirable that the combined frequencies of these different 
alleles should be high enough to cover a large fraction or 
perhaps the majority of the human outbred population. 

Despite the developments in the art. the prior art 
has yet to provide a useful human peptide-based vaccine or 
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therapeutic agent based on this work. The. present invention 
provides these cmd other advantages. 

SUMMARY OF THE INVENTION 
The present invention provides con?)ositions 
comprising immunogenic peptides having binding motifs for HLA 
A2.1 molecules. The immunogenic peptides, which bind to the 
appropriate MHC allele, are preferably 9 to 10 residues in 
length and comprise conserved residues at certain positions 
such as positions 2 and 9. Moreover, the peptides do not 
comprise negative binding residues as defined herein at other 
positions such as positions 1, 3, 6 and/or 7 in the case of 
peptides 9 amino acids in length and positions 1, 3, 4, 5, 7, 
8 and/or 9 in the case of peptides 10 amino acids in length. ' 
The present invention defines positions within a motif 
enabling the selection of peptides which will bind efficiently 
to HLA A2.1. 

Epitopes on a number of immunogenic target proteins 
can be identified using the peptides of the invention. 
Examples of suitable antigens include prostate cancer specific 
antigen (PSA) , hepatitis B core and surface antigens (HBVc, 
HBVs) hepatitis C antigens, Epstein-Barr virus antigens, human 
immunodeficiency type-l virus (HIVl) and papilloma virus 
antigens. The peptides are thus useful in pharmaceutical 
compositions for both lojviys and ex vivo therapeutic and 
diagnostic applications. 

Definitions 

The term "peptide" is used interchangeably with 
"oligopeptide" in the present specification to designate a 
series of residues, typically L-amino acids, connected one to 
the other typically by peptide bonds between the alpha-amino 
and carbonyl groups of adjacent amino acids. The 
oligopeptides of the invention are less than about 15 residues 
in length and usually consist of between about 8 and about 11 
residues, preferably 9 or 10 residues. 

An "immunogenic peptide" is a peptide which 
comprises an allele-specific motif such that the peptide will 
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bind an MHC molecule and induce a CTL response. Immunogenic 
peptides of the invention are capable of binding to ah 
appropriate HIiA-A2.1 molecule and inducing a cytotoxic T mII 
response against the antigen from which the imnnmogehic 
peptide is derived. 

Insminogenic peptides are convisniently identified 
using the algorithms of the invention. The algorithms are 
niathanatical procedures that produce a score which enables the 
selection of immunogenic peptides . Typically one uses the 
algorithndc score with a "binding threshold" to enable 
selection of peptides that have a high proliability of binding 
at a certain affinity and will in turn be immunogenic. The 
algorithm is based upon either the effects on MBC binding of a 
particular amino acid at a particular position of a peptide or 
the effects on binding of a particular suitstitution in a mdtif 
containing peptide. 

A "conserved residue" is an amino acid which occurs 
in a significantly higher frequency than would be ea^ected by 
random distribution at a particular position in a peptide. 
Typically a conserved residue is one where the MHC structure 
inay provide a contact point with the immunogenic peptide. One 
to three, preferably two, conserved residues Within a peptide 
of defined length defines a motif for an immunogenic peptide. 
These residues are typically in close contact with the peptide 
binding groove, with their side chains buried in specific 
pockets of the groove itself. Typically, an immunogenic 
peptide will coa?)ri8e up to three conserved residues, more 
usually two conserved residues. 

As used herein, "negative binding residues" are 
amino acids which if present at certain positions (for 
exan?)le, positions 1, 3 and/or 7 of a 9-mer) will result in a 
peptide being a nonbinder or poor binder and in turn fail to 
be immunogenic i.e. induce a CTL response. 

The term "motif" refers to the pattern of residues 
in a peptide of defined length, usually about 8 to about 11 
amino acids, which is recognized by a particular MHC allele. 
The peptide motifs are typically different for each human MHC 
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allele and differ in the pattern of the highly conserved 
residues and negative residues. 

The binding motif for an allele can be defined with 
increasing degrees of precision. In one case, all of the 
conserved residues are present in the correct positions in a 
peptide and there are no negative residues in positions 1,3 
and/or 7. 

The phrases "isolated" or "biologically pure" reier 
to material which is substantially or essentially fre^ from 
components which normally accon5)any it as found in its native 
state. Thus, the peptides of this invention do not contain 
materials normally associated with their in situ environment, 
e.g., MHC I molecules on euitigen presenting cells. Even where 
a protein has been isolated to a homogenous or dotmincuit band, 
there are trace contaminants in the rcUige of 5-10% of native 
protein which co-purify with the desired protein. Isolated 
peptides of this invention do not contain such endogenous co- 
purif led protein. 

The term "residue" refers to an amino acid or amino 
acid mimetic incorporated in an oligopeptide by an amide bond 
or amide bond mimetic. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a flow diagram of cua HLA-A purification 

scheme. 

Fig. 2 shows a scattergram of the log of relative 
binding plotted against the 'Grouped Ratio" algorithm for 9 
mer peptides. 

Fig. 3 shows a scattergram of the log of relative 
binding plotted against the average "Log of Binding" algorithm 
score for 9 mer peptides. 

Figs. 4 and 5 show scattergrams of a set of lO-mer 
peptides containing preferred residues in positions 2 and 10 
as scored by; the "Grouped Ratio" and "Log of Binding" 
algorithms. 



wo 54/20127 



PCT/USMAtt3S3 



6 ■ 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The present invention relates to the determiiiation 
of allele-specific peptide motifs for hiunan Class I MHC 
(sometimes referred to as HIA) allele subtypes, in. particular, 
peptide motifs recognized by HLA-A2.1 alleles. These motifs 
are then used to define T cell epitopes from any desired 
antigen, particularly those associated with human viral 
diseases, ccuacers or autoiumraune diseases, for which the ainino 
acid sequence of the potential antigen or autoantigen targets 
is known. 

Epitopes on a number of potential target proteins 
can be identified in this manner. Exaii?)les of suitable 
antigens include prostate specific antigen (PSA) , hepatitis B 
core and surface antigens (HBVc, HBVs) hepatitis C antigens, 
Epstein-Barr virus antigens, melanoma antigens (e.g., MAGE-l), 
human immunodeficiency virus (HIV) antigens amd huznan 
papilloma virus (HPV) antigens. 

The peptides of the invention may also be enployed 
to relieve the syvaptoms of, treat or prevent the occurrence or 
reoccurrence of autoimuune diseases. Such diseases include, 
for exan5)le, multiple sclerosis (MS), rheximatoid arthritis 
(RA) , Sjogren syndrome, scleroderma, polymyositis, 
dermatomyositis, systemic lupus erythematosus, juvenile 
rheumatoid arthritis, ankylosing spondylitis, nyasthenia 
gravis (MG) , bullous penphigoid (cuitibodies to basement 
membrane at dermal -epidermal junction) , penphigus (antibodies 
to mucopolysaccharide protein con?)lex or intracellular cement 
substance) , glomerulonephritis (antibodies to glcanerular 
basement membrane), Gk)odpasture*s syndrome, autoimmune 
hemolytic anemia (antibodies to erythrocytes), Hashimoto's 
disease (antibodies to thyroid) , pernicious anemia (antibodies 
to intrinsic factor) , idiopathic thrombocytopenic purpura 
(antibodies to platelets). Grave's disease, and Addison's 
disease (antibodies to thyroglobulin) , and the like. 

The autoantigens associated with a number of these 
diseases have been identified. For example, in experimentally 
induced autoimmune diseases, antigens involved in pathogenesis 
have been characterized: in arthritis in rat and mouse. 
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native type -II collagen is identified in collagen- induced 
arthritis, and mycoba-cterial heat shock protein in adjuvant ^ 
arthritis; thyroglobulin has been identified in experimental 
allergic thyroiditis (EAT) in mouse; acetyl choline receptor 
(AChR) in eaqoerimental alleargic myasthenia gravis (KA^BG); and 
myelin basic protein (MBP) cind proteolipid protein (PLP) in 
e^erimental allergic encephalomyelitis (EAE) in mouse anfi 
rat. In addition, target antigens have been identified in 
humans: type- II collagen in human rheumatoid arthritis; cuid 
acetyl choline receptor in myasthenia gravis. 

Peptides can?)rising the epitopes from these antigens 
are synthesized and then tested for their ability to bind to 
the appropriate MHC molecules in assays using, for exanple, 
purified class I molecules and radioiodonated peptides and/or 
cells expressing empty class I molecules by, for insteuice, 
imimxnofluorescent staining and flow microfluorometry, peptide - 
dependent class I assembly assays, and inhibition of CTL 
recognition by peptide conpetition. Those peptides that bind 
to the class I molecule are further evaluated for their 
ability to serve as targets for CTLs derived from infected or 
immunized individuals, as well as for their capacity to induce 
primary in yityp or in vivo CTL responses that Ccui give rise 
to CTL populations capable of reacting with virally infected 
target cells or tumor cells as potential therapeutic agents. 

The MHC class I antigens are encoded by the HLA-A, 
B, and C loci. HLA-A and B antigens are expressed at the cell 
surface at approximately equal densities, whereas the 
expression of HLA-C is significantly lower (perhaps as much as 
10- fold lower). Each of these loci have a number of alleles. 
The peptide binding motifs of the invention are relatively 
specific for each allelic subtype. 

For peptide -based vaccines, the peptides of the 
present invention preferably comprise a motif recognized by eui 
MHC I molecule having a wide distribution in the human 
population. Since the MHC alleles occur at different 
frequencies within different ethnic groups and races, the 
choice of target MHC allele may depend upon the target 
population. Table 1 shows the frequency of various alleles at 
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the HLA-A locus products among different races. For instance, 
the majority of the Caucasoid population can be covered by 
peptides which bind to four HLA^^A allele subtypes, 
specifically HIiA-A2,l, Al, A3,2, and A24.1. Similarly, the 
majority of the Asian population is encompassed with the 
addition of peptides binding to a fifth allele HLA- All. 2. 
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these mAbs using standard techniques are successfully used to 
purify the respective HLA-A allele products. 

In addition to allele- specific mAbs, broadly 
reactive anti - HLA-A, B, C mAbs, such as W6/32 and B9. 12,1/ and 
one anti-HIiA-B, C mAb, Bl,23.2, could be used in alternative 
affinity purification protocols as described in the exan?)le 
section below. 

The peptides bound to the peptide binding groove of 
the isolated MHC molecules are eluted typically using acid 
treatment. Peptides can also be dissociated from class I 
molecules by a variety of stcindard denaturing mesms, such as 
heat, pH, detergents, salts, chaotropic agents, or a 
combination thereof. 

Peptide fractions are further separated from the MHC 
molecules by reversed -phase high performance liquid 
chromatography (HPLC) and sequenced. Peptides can be 
separated by a variety of other stcmdard rnesms well known to 
the artisan, including filtration, ultrafiltration, 
electrophoresis, size chromatography, precipitation with 
specific antibodies, ion exchange chromatography, 
isoelectrofocusing, and the like. 

Sequencing of the isolated peptides can be performed 
according to stcmdard techniques such as Edmcin degradation 
(Hunkapiller, M.W. , et al,. Methods Snzymol. 9i. 399 [1983]). 
Other methods suitable for sequencing include mass 
spectrOTietry sequencing of individual peptides as previotisly 
described (Hunt, et al.. Science 225:1261 (1992), which is 
incorporated herein by reference) . Amino acid sequencing of 
bulk heterogenous peptides ( e.g. . pooled HPLC fractions) from 
different class I molecules typically reveals a characteristic 
sequence motif for each class I allele. 

Definition of motifs specific for different class I 
alleles allows the identification of potential peptide 
epitopes from am antigenic protein whose axaino acid sequence 
is known. Typically, identification of potential peptide 
epitopes is initially carried out using a conputer to scan the 
amino acid sequence of a desired antigen for the presence of 
motifs. The epitopic sequences are then synthesized. The 
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capacity to bind MHC Class molecules is measured in a variety 
of different ways. One means is a Class I molecule binding 
. assay as described in Example A, below. Other alternatives 
described in the literature include inhibition of antigen ^ 
presentation (Sette, et al., J. Immunol. 141:3893 (1991) / in 
yitiTO assembly assays (Townsend, et al., Cell 62:285 (1990), 
and FACS based assciys using mutated ells, such as Rfm^S ^ r ■ 
(Melief, et al,, Eur. J, Immunol . 21:2963 (1991)), 

Next, peptides that test positive in the MHC class I 
binding assay are assayed for the ability of the peptides to 
induce specific CTL responses in vitro . For instcmce. 
Antigen-presenting cells that have been incubated with a 
peptide can be assayed for the sOjility to induce CTIj responses 
in responder cell populations. Antigen-presenting cells can 
be normal cells such as peripheral blood mononuclear cells or 
dendritic cells (Inaba, et al., J. Exp, Med. 166 tie:? (1987); 
Booq, Eur. J, Immunol. 18:219 [1988]). 

Alternatively, mutant mammalian cell lines that are 
deficient in their ability to load class I molecules with 
internally processed peptides, such as the mouse cell lines 
RMA-S (KSrre, et al.. Nature . 319:675 (1986); Ljunggren, et 
al., Eur. J. Immunol. 21:2963-2970 (1991)), and the human 
somatic T cell hybrid, T-2 (Cerundolo, et al.. Nature 345:449- 
452 (1990)) and which have been transfected with the 
appropriate human class I genes are conveniently used, when 
peptide is added to them, to test for the capacity of the 
peptide to Induce in vitro primary CTL responses. Other 
e\ikaiTrotic cell lines which could be used include various 
insect cell lines such as mosquito larvae (ATCC cell lines CCL 
125, 126, 1660, 1591, 6585, 6586), sillcworm (ATTC CRL 8851), 
anryworm (ATCC CRL 1711) , moth (ATCC CCL 80) and Drosophila 
cell lines such as a Schneider cell line (see Schneider J, 
Embrvol. Exd. Morp hol. 27;-^^^-^^^ [1927]). 

Peripheral blood lymphocytes are conveniently 
isolated following sinple venipuncture or leuJcapheresis of 
normal donors or patients and used as the responder cell 
sources of CTL precursors. In one embodiment, the appropriate 
antigen -presenting cells are incubated with 10-100 tiM of 
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peptide in serum- free media for 4 hours under appropriate 
.culture conditions. The peptide -loaded antigen -presenting 
cells are then incubated with the responder cell populations 
in vit;rQ for 7 to 10 days under optimized culture conditions. 
Positive CTL activation can be determined by assaying the 
cultures for the presence of CTLs that kill radiolabeled 
target cells, both specific peptide -pulsed targets as well as 
target cells expressing endogenously processed form of the 
relevant virus or tumor antigen from which the peptide 
sequence was derived. 

Specificity and MHC restriction of the CTL is 
determined by testing against different peptide target cells 
expressing appropriate or inappropriate human MHC class I. 
The peptides that test positive in the MHC binding assays and 
give rise to specific CTL responses are referred to herein as 
immunogenic peptides. 

The immunogenic peptides can be prepared 
synthetically, or by recombinant DNA technology or from 
natural sources such as whole viruses or tumors. Although the 
peptide will preferably be substantially free of other 
naturally occurring host cell proteins and fragments thereof, 
in some embodiments the peptides can be synthetically 
conjugated to native fragments or particles. 

The polypeptides or peptides can be a variety of 
lengths, either in their neutral (xincharged) forms or in forms 
%rtiich are salts, and either free of modifications such as 
glycosylation, side chain oxidation, or phosphorylation or 
containing these modifications, subject to the condition that 
the modification not destroy the biological activity of the 
polypeptides as herein described. 

Desirably, the peptide will be as small as possible 
while still maintaining substantially all of the biological 
activity of the large peptide. When possible, it may be 
desirable to optimize peptides of the invention to a length of 
about 8 to about 10 amino acid residues, commensurate in size 
with endogenously processed viral peptides or tumor cell 
peptides that are bound to MHC class I molecules on the cell 
surface , 
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Peptides having the desired activity may be modified 
as necessary to provide, certain desired attributes, e.g., . 
inproved pharmacological characteristics, while increasing or 
at least retaining substantially all of the biolb^ical .' 
activity of the unmodified peptide to bind the desired MHC 
molecule and activate the appropriate T cell. For instance, 
the peptides may be subject to varioxis changes , ^uch eis 
substitutions, either conservative or non-consierviative, where 
such changes might provide for certain advantages in their 
use, such as inproved MHC binding. By conservative 
substitutions is meamt replacing an amino acid residue with 
another which is biologically and/or chemically Similar, e.g., 
one hydrophobic residue for einother, or one polar residue for 
another. The substitutions include combinations such as Gly, 
Ala; Val, He, Leu, Met; Asp, Glu; Aan, Gin; Ser, Thr; Lys, 
Arg; and Phe, Tyr. The effect of single amino acid 
substitutions may also be probed using D- amino acids. Such 
modifications may be made using well known peptide synthesis 
procedures, as described in e.g., Merrifield, Science 232:341- 
347 (1986) , Barany and Merrifield, The Peptidefl . Gross and 
Meienhofer, eds. (N.Y. , Academic Press), pp. 1-284 (1979); and 
Stewart and Young, Solid Phase Pentide . Svntheaia . (Rockford, 
111., Pierce), 2d Ed. (1984), incorporated by reference 
herein . 

The peptides can also be modified by extending or 
decreasing the confound 's amino acid sequence, e.g., by the 
addition or deletion of amino acids. The peptides or analogs 
of the invention can also be modified by altering the order or 
composition of certain residues, it being readily appreciated 
that certain amino acid residues essential for biological 
activity, e.g., those at critical contact sites or conserved 
residues, may generally not be altered without an adverse 
effect on biological activity. The non- critical amino acids 
need not be limited to those naturally occurring in proteins, 
such as L-a-amino acids, or their D- isomers, but may include 
non-natural amino acids as well, such as fi-yd-amino acids, as 
well as many derivatives of L-a-amino acids. 
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Typically, a series of peptides with single amino 
acid substitutions are en5)loyed to determine the effect of 
electrostatic charge, hydrophobicity, etc* on binding. For 
instcuice, a series of positively charged (e.g., Lys or Arg) or 
negatively charged (e.g., Glu) amino acid substitutions are 
made along the length of the peptide revealing different 
patterns of sensitivity towards various MHC nralecules and T " 
cell receptors. In addition, multiple substitutions using . 
small, relatively neutral moieties such as Ala, Gly, Pro, or 
similar residues may be ezq>loyed* The substitutions may be 
homo-oligOTiers or he tero- oligomers. The number and types of 
residues which are substituted or added depend on the spacing 
necessary between essential contact points and certain 
functional attributes which are sought (e.g., hydrophobicity 
versus hydrophilicity) . Increased binding affinity for cm MHC 
molecule or T cell receptor may also be achieved by such 
substitutions, con^iared to the affinity of the parent peptide. 
In any event, such substitutions should enploy amino acid 
residues or other molecular fragments chosen to avoid, for 
exanple, steric and charge interference which might disrupt 
binding . 

Amino acid substitutions are typically of single 
residues. Substitutions, deletions, insertions or amy 
combination thereof may be combined to arrive at a final 
peptide. Sxibstitutional variants are those in which at least 
one residue of a peptide has been removed and a different 
residue inserted in its place. Such substitutions generally 
are made in accordance with the following Table 2 when it is 
desired to finely modulate the characteristics of the peptide. 
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Original Residue Exemplary Subatiitiutinti 



Ala 


Ser 


Arg 


Lys , His 


Asn 


Gin 


Asp 


Glu 


Cys 


Ser 


Gin 


Asn 


Glu 


Asp 


Gly 


Pro 


His 


Lys; Arg 


lie 


Leu; Val 


Leu 


He; Val 


Lys 


Arg; His 


Met 


Leu; He 


Phe 


Tyr; Trp 


Ser 


Thr 


Thr 


Ser 


Trp 


Tyr; Phe 


Tyr 


Trp; Phe 


Val 


He; Leu 
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Siibstantial chemges in function (e.g., affinity for 
MHC molecules or T cell receptors) are made by selecting 
siibstitutions that are less conservative thcui those in Table 
2, i.e., selecting residues that differ more significantly in 
their effect on maintaining (a) the structure of the peptide 
backbone in the area of the substitution, for exan?)le as a 
sheet or helical conformation, (b) the charge or 
hydrophobicity of the molecule at the target site or (c) the 
bulk of the side chain. The substitutions which in general 
are expected to produce the greatest changes in peptide 
properties will be those in which (a) hydrophilic residue, 
e.g. seryl, is substituted for (or by) a hydrophobic residue, 
e.g. leucyl, isoleucyl, phenylalanyl , valyl or alanyl; (b) a 
residue having an electropositive side chain, e.g., lysl, 
arginyl, or histidyl, is substituted for (or by) an 
electronegative residue, e.g. glutamyl or aspartyl; or (c) a 
residue having a bulky side chain, e.g. phenylalanine, is 
substituted for (or by) one not having a side chain, e.g., 
glycine. 

The peptides naay also conqorise isosteres of two or 
more residues in the immunogenic peptide. An isostere as 
defined here is a sequence of two or more residues that can be 
substituted for a second sequence because the steric 
conformation of the first sequence fits a binding site 
specific for the second sequence. The term specifically 
includes peptide backbone modifications well known to those 
skilled in the art. Such modifications include modifications 
of the amide nitrogen, the a -carbon, amide carbonyl, cOTplete 
replacement of the amide bond, extensions, deletions or 
backbone crosslinks. See , generally . Spatola, Chemig^-ry a nd 
Biochem istry of Amino Acids, peptides and Proteins , Vol, VII 
(Weinstein ed., 1983). 

Modifications of peptides with various amino acid 
mimetics or unnatural amino acids are particularly useful in 
increasing the steUDility of the peptide in vivo . Stability 
can be assayed in a number of ways. For instance, peptidases 
and various biological media, such as human plasma and serum, 
have been used to test stability. See, e.g, . Verhoef et al.. 
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gur. J, Drug Me tab. PharT n acokin. 11:291-302 {1986). Half 
life of the peptides of the present invention is cphveniently 
determined using a 25% human serum (v/v) assay. The protocol 
is generally as follows. Pooled human serum (Type AB, 
non-heat inactivated) is delipidated by centrifugation before 
use. The serum is then diluted to 25% with RPMI tissue 
culture media and used to test peptide stcdDility. At 
predetermined time intervals a small amount of reaction 
solution is removed and added to either 6% aqueous 
trichloracetic acid or ethanol. The cloudy reaction sample is 
cooled (4«C) for 15 minutes and then spun to pellet the 
precipitated serum proteins. The presence of the peptides is 
then determined by reversed-phase HPLC using 
stability- specific chromatography conditions. 

The peptides of the present invention or analogs 
thereof which have CTL stimulating activity may be modified to 
provide desired attributes other than iir?)roved serum half 
life. For instance, the ability of the peptides to induce CTL 
activity can be enhcmced by linkage to a sequence which 
contains at least one epitope that is capable of inducing a T 
helper cell response. 

In some embodiments, the T helper peptide is one that 
is recognized by T helper cells in the majority of the 
population. This can be acconplished by selecting amino acid 
sequences that bind to many, most, or all of the MHC class II 
molecules. These are known as "loosely MHC- restricted" T 
helper sequences. Bxanqples of amino acid sequences that are 
loosely MHC- restricted include sequences from antigens such as 
Tetanus toxin at positions 830-843 (QYIKANSKFIGITE) , 
Plasiaodium falciparum CS protein at positions 378-398 
(DIEKKIAKMEKASSVFNWNS) , and Streptococcus 18kD protein at 
positions 1-16 (YGAVDSILGGVATYGAA) . 

Alternatively, it is possible to prepare synthetic 
peptides capable of stimulating T helper lymphocytes, in a 
loosely MHC- restricted fashion, using amino acid sequences not 
foimd in nature. These synthetic con^iounds called 
Pan-DR-binding epitope (PADRE) are designed on the basis of 
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their binding activity to most, HLA-DR (human MHC class II) 
molecules (see, copending application USSN 08/121,101). 

Particularly preferred immunogenic peptides/T helper 
conjugates are linked by a spacer molecule. The spacer is 
typically conprised of relatively small, neutral molecules, 
such as amino acids or amino acid mimetics, which are 
substantially uncharged under physiological conditions. The 
spacers are typically selected from, e.g., Ala, Gly, or other 
neutral spacers of nonpolar aiaino acids or neutral polar cunino 
acids. It will be understood that the optionally present 
spacer need not conprise the same residues and thus may be a 
hetero- or homo- oligomer. When present, the spacer will 
usually be at least one or two residues, more usually three to 
six residues. Alternatively, the CTL peptide may be linked to 
the T helper peptide without a spacer. 

The immunogenic peptide may be linked to the T helper 
peptide either directly or via a spacer either at the amino or 
carboxy terminus of the CTL peptide. The amino terminus of 
either the immunogenic peptide or the T helper .peptide may be 
acylated. Exenplary T helper peptides include tetanus toxoid 
830-843, influenza 307-319, malaria circimisporozoite 382-398 
and 378-389. 

In some embodiments it may be desircible to include in 
the pharmaceutical conpositions of the invention at least one 
COTqponent which primes CTL. Lipids have been identified as 
agents capable of priming CTL in vivo against viral antigens. 
For exan^le, palmitic acid residues can be attached to the 
alpha and epsilon amino groups of a Lys residue and then 
linked, e.g., via one or more linking residues such as Gly, 
Gly-Gly-, Ser, Ser-Ser, or the like, to an immunogenic 
peptide. The lipidated peptide can then be injected directly 
in a micellar form, incorporated into a liposome or emulsified 
in an adjuvant, e.g., inconqplete Frexind's adjuvant. In a 
preferred embodiment a particularly effective immunogen 
conprises palmitic acid attached to alpha and epsilon amino 
groups of Lys, which is attached via linkage, e.g., Ser-Ser, 
to the amino terminus of the immunogenic peptide. 
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As another exan?)le of lipid priming of CTL respbisea. 
E. qqX^ lipcjproteins , such as 

.tripalmitoyl-S-glycerylcysteinlyseryl- serine (P3CSS) can be 
used to prime virus specific CTL when covalently attached tb 
an appropriate peptide. See, Deres et al.. fiatilES 342:56i-564 
(1989), incorporated herein by reference. Peptides of the 
invention can be coupled to P3CSS, for exaii?)ie, and t ;^; /; 
lipopeptide administered to an individual to' Bpec^^i^al^^■■■■^'^'^■ 
priJBe a CTL response to the target antigen. Further, as the 
induction of neutralizing antibodies can also be primed with 
P3CSS conjugated to a peptide which displays an appropriate 
epitope, the two conqpositions can be combined to more 
effectively elicit both humoral and cell-mediated iresponses to 
infection. 

In addition, additional amino acids can be added to 
the termini of a peptide to provide for ease of linking 
peptides one to another, for coupling to a carrier support, or 
larger peptide, for modifying the physical or chemical 
properties of the peptide or oligopeptide, or the like. Amiho 
acids such as tyrosine, cysteine, lysine, glutamic or aapartic 
acid, or the like, can be introduced at the C- or N- terminus 
of the peptide or oligopeptide. Modification at the C 
terminus in some cases may alter binding characteristics of 
the peptide, in addition, the peptide or oligopeptide 
sequences can differ from the natural sequence by being 
modified by terminal-NHj acylation, e.g., by alkanoyl {C^-C^q) 
or thioglycolyl acetylation, terminal -carboxyl amidation, 
e.g., ammonia, methylamine, etc. In some instances these 
modifications may provide sites for linking to a support or 
other molecule. 

The peptides of the invention can be prepared in a 
wide variety of ways. Because of their relatively short size, 
the peptides can be synthesized in solution or on a solid 
support in accordance with conventional techniques. Various 
automatic synthesizers are commercially available and can be 
used in accordance with known protocols. See, for example, 
Stewart and Young, Solid Phaa P PentidP fiy nt-hoo^c,, 2d. ed. , ' 
Pierce Chemical Co. (1984) , supra . 
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Alternatively, reccnnbinant DNA technology may be 
eii?)loyed wherein a nucleotide sequence which encodes an 
immunogenic peptide of interest is inserted into an expressiph 
vector, transformed or transf ected into ctn appropriate host- 
cell cuid cultivated under conditions suitable for expression. 
These procedures are generally known in the art, as described 
generally in Sambrook et al.. Molecular Cloning. A Laboratory 
Mctnual . Cold Spring Harbor Press, Cold Spring Harbor, New York 
(1982), which is incorporated herein by reference. Thus, 
fusion proteins which conqprise one or more peptide sequences 
of the invention can be used to present the appropriate T cell 
epitope. 

As the coding^ sequence for peptides of the length 
conteir?)lated herein can be synthesized by chemical techniques, 
for exan9}le, the phosphotriester method of Matteucci et al., 
J. Am, C hem. Soc, 103:3185 (1981), modification can be made 
siii5)ly by substituting the appropriate base(s) for those 
encoding the native peptide sequence. The coding sequence can 
then be provided with appropriate linkers and ligated into 
expression vectors commonly available in the art, and the 
vectors used to transform suitable hosts to produce the 
desired fusion protein. A number of such vectors and suitable 
host systems are now available. For expression of the fusion 
proteins, the coding sequence will be provided with operad^ly 
linked start and stop codons, promoter and terminator regions 
and usually a replication system to provide an expression 
vector for esqiression in the desired cellular host. For 
exanple, promoter sequences con?)atible with bacterial hosts 
are provided in plasmids containing convenient restriction 
sites for insertion of the desired coding seq[uence. The 
resulting expression vectors are transformed into suitable 
bacterial hosts. Of course, yeast or mammalian cell hosts may 
also be used, employing suitaible vectors and control 
sequences , 

The peptides of the present invention and 
pharmaceutical and vaccine compositions thereof are useful for 
administration to mammals, particularly humans, to treat 
cuad/or prevent viral infection and cancer. Examples of 
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diseases which can be treated using the ijnmuhogeziic peptides . 
of the invention include prostate cancer, hepatitis B, 
hepatitis C, AIDS, renal car cinoiria, cervical carcirioiha, 
lyinphoma, CMV and condlyloma acuminatum. 

For pharmaceutical conpositions, the Immunogenic 
peptides of the invention are administered to an individual 
already suffering from cancer or infected with the virus of 
interest • Those in the incubation phase or the acute phase of 
infection can be treated with the immunogenic peptides 
separately or in conjxmction with other treatments, as 
appropriate. In therapeutic applications, conpositions are 
administered to a patient in an amount sufficient to elicit an 
effective CTL response to the virus or tumor cuitigen cuid to 
cure or at least partially arrest syit?)toms ahd/or 
con?)lications. An amount adequate to acconqplish this is 
defined as "therapeutically effective dose." Amounts 
effective for this use will depend on, e.g., the peptide 
conposition, the manner of administration, the stage and 
severity of the disease being treated, the weight and general 
state of health of the patient, and the judgment of the 
prescribing physician, but generally rcinge for the initial 
immunization (that is for therapeutic or prophylactic 
administration) from about 1.0 fig to about 5000 fig of peptide 
for a 70 kg patient, followed by boosting dosages of from 
about 1.0 fig to about 1000 fig of peptide pursuant to a 
boosting regimen over weeks to months depending upon the 
patient's response and condition by measuring specific CTL 
activity in the patient's blood. It must be kept in mind that 
the peptides and conpositions of the present invention may 
generally be employed in serious disease states, that is, 
life -threatening or potentially life threatening situations. 
In such cases, in view of the minimization of extraneous 
substances and the relative nontoxic nature of the peptides, 
it is possible and may be felt desirable by the treating 
physician to administer substantial excesses of these peptide 
compositions. 

For therapeutic use, administration should begin at 
the first sign of viral infection or the detection or surgical 
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removal of tumors or shortly after diagnosis in the case of 
acute infection. This is followed by boosting doses until at 
least syn5)toms are substantially abated and for a period 
thereafter. In chronic infection, loading doses followed by 
boosting doses may be required. 

Treatment of an infected individual with the 
coit?)ositions of the invention may hasten resolution of the 
infection in acutely infected individuals . For those 
individuals susceptible (or predisposed) to developing chronic 
infection the con?)ositions are particularly useful in methods 
for preventing the evolution from acute to chronic infection. 
Where the susceptible individuals are identified prior to or 
during infection, for instance, as described herein, the 
coitpositlon can be targeted to them, minimizing need fbr 
administration to a larger population. 

The peptide coii:?)ositions can also be used for the 
treatment of chronic infection and to stimulate the immune 
system to eliminate virus -infected cells in carriers. It is 
inportant to provide an amount of immuno-potentiating peptide 
in a formulation and mode of administration sufficient to 
effectively stimulate a cytotoxic T cell response. Thus, for 
treatment of chronic infection, a representative dose is in 
the range of about 1.0 /ig to about 5000 ftg, preferably about 5 
fig to 1000 us for a 70 kg patient per dose. Immunizing doses 
followed by boosting doses at established intervals, e.g., 
from one to four weeks, may be required, possibly for a 
prolonged period of time to effectively immunize an 
individual. In the case of chronic infection, administration 
should continue until at least clinical syn?)toms or laboratory 
tests indicate that the viral infection has been eliminated or 
substantially abated and for a period thereafter. 

The pharmaceutical conpositions for therapeutic 
treatment are intended for parenteral, topical, oral or local 
administration. Preferably, the pharmaceutical con?)ositions 
are administered parenterally, e.g., intravenously, 
subcutaneously, intradermal ly, or intramuscularly. Thus, the 
invention provides compositions for parenteral administration 
which comprise a solution of the immunogenic peptides 
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dissolved or suspended in an acceptable carrier, preferably an 
aqueous carrier. A variety of aqueous carriers may be used, 
e,g:, water, -buffered water, 0.8% saline, 0,3* glycine, 
hyaluronic acid cuid the like. These cdn5)ositions may be 
sterilized by conventional, well known sterilization 
techniques, or may be sterile filtered. The resulting aqueous 
solutions may be packaged for use as is, or lyophilized, the 
lyophilized preparation being combined with a sterile solution 
prior to administration. The cOT?)ositlons may contain 
pharmaceutically acceptable auxiliary substemces as required 
to approximate physiological conditions, such as pH adjusting 
and buffering agents, tonicity adjusting agents, wetting 
agents and the like, for example, sodium acetate, sodium 
lactate, sodium chloride, potassium chloride, calcium 
chloride, sorbitan monolaurate, triethanolamine oleate, etc 

The concentration of CTL stimulatory peptides of the 
invention in the pharmaceutical formulations can vary widely, 
i.e., from less than about 0.1%, usually at or at least about 
2% to as much as 20% to 50% or more by weight, and will be 
selected primarily by fluid volximes, viscosities, etc., in 
accordcuice with the particular mode of administration 
selected. 

The peptides of the invention may also be administered 
via liposomes, which serve to target the peptides to a 
particular tissue, such as lynphoid tissue, or targeted 
selectively to infected cells, as well as increase the half - 
life of the peptide con?>osition. Liposomes include emulsions, 
foams, micelles, insoluble monolayers, liquid crystals, 
phospholipid dispersions, lamellar layers and the like. In 
these preparations the peptide to be .delivered is incorporated 
as part of a liposome, alone or in conjunction with a molecule 
which binds to, e.g., a receptor prevalent among lynphoid 
cells, such as monoclonal antibodies which bind to the CD45 
antigen, or with other therapeutic or immunogenic 
compositions. Thus, liposomes either filled or decorated with 
a desired peptide of the invention can be directed to the site 
of lyn?)hoid cells, where the liposomes then deliver the 
selected therapeutic/immunogenic peptide conpositions . 
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Liposomes for use in Che invention are formed from standard 
vesicle -forming lipids, which generally include neutral and 
negatively charged phospholipids and ai sterol, such as 
cholesterol. The selection of lipids is generally guided by 
consideration of, e.g., liposome size, acid lability and 
stability of the liposomes in the blood stream. A variety of 
methods are available for preparing liposomes, as described 
in, e.g., Szoka et al., Ann . Rev. BionhyA , Bioeng - o • a-t^n 
(1980), U.S. Patent Nos. 4,235,871. 4,501,728, 4,837,028, and 
5,019,369, incorporated herein by reference. 

For targeting to the immune cells, a ligamd to be 
incorporated into the liposome can include, e.g., antibodies 
or fragments thereof specific for cell surface deteriflinants of 
the desired immune system cells. A liposome suspension 
containing a peptide may be administered intravenously, 
locally, topically, etc. in a dose which varies according to, 
istsr alia, the manner of administration, the peptide being 
delivered, and the stage of the disease being treated. 

For solid conposltions, conventional nontoxic solid 
carriers may be used which include, for exan^jle, 
pharmaceutical grades of manuitol, lactose, starch, magnesium 
stearate, sodium saccharin, talcum, cellulose, glucose, 
sucrose, magnesium carbonate, and the like. For oral 
administration, a phannaceutically acceptable nontoxic 
composition is formed by incorporating any of the normally 
en?)loyed excipients, such as those carriers previously listed, 
and generally 10-95% of active ingredient, that is, one or 
more peptides of the invention, and more preferably at a 
concentration of 25%-75%. 

For aerosol administration, the immunogenic peptides 
are preferably supplied in finely divided form along with a 
surfactant and propellant. Typical percentages of peptides 
are 0.0l%-20% by weight, preferably 1%-10%. The surfactant 
must, of course, be nontoxic, and preferably soluble in the 
propellant. Representative of such agents are the esters or 
partial esters of fatty acids containing from 6 to 22 carbon 
atoms, such as caproic, octanoic, lauric, palmitic, stearic, 
linoleic, linolenic, olesteric and. oleic acids with am 
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aliphacic polyhydric alcohol or its cyclic emhydride. Mixed 
esters, such as mixed or natural glycerides may be en^>loyed. 
The surfactant niay constitute 0.1% -20% by weight of the 
con?)osition, preferably 0.25-5%. The balance of the 
conposition is ordinarily propellant. A carrier can also be 
included, as desired, as with, e.g., lecithin for intranasal 
delivery. 

In another aspect the present invention is directed to 
vaccines which contain as an active ingredient oui . 
immunogenically effective amovmt of ein immunogenic peptide as 
described herein. The peptide (s) may be introduced into a 
host, including humans, linked to its own carrier or as a 
homopolymer or heteropolymer of active peptide units. Such a 
polymer has the advantage of increased immunological reaction 
and,, where different peptides are used to make up the polymer, 
the additional ability to induce amtibodies cmd/or CTLs that 
react with different antigenic determinouats of the virus or 
tumor cells. Useful carriers are well known in the art, and 
include, e.g., thyroglobulin, albumins such as human serum 
albumin, tetanus toxoid, polyamino acids such as 
poly (lysine: glutamic acid) , influenza, hepatitis B virus core 
protein, hepatitis B virus recombinant vaccine and the like. 
The vaccines can also contain a physiologically tolerable 
(acceptable) diluent such as water, phosphate buffered saline, 
or saline, and further typically include an adjuvant - 
Adjuvants such as incoo^jlete Freund's adjuvant, aluminum 
phosphate, aluminum hydroxide, or alum are materials well 
known in the art. And, as mentioned above, CTL responses can 
be primed by conjugating peptides of the invention to lipids, 
such as P3CSS. Upon immunization with a peptide con?)osition 
as described herein, via injection, aerosol, oral, transdermal 
or other: route, the immune system of the host responds to the 
vaccine by producing large amounts of CTLs specific for the 
desired antigen, and the host becomes at least partially 
immune to later infection, or resistant to developing chronic 
infection. 

Vaccine compositions containing the peptides of the 
invention are administered to a patient susceptible to or 
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otherwise at risk of viral infection or cancer to elicit an 
immune response against the cintigeri and thus enhomce the 
patient's own immune response capabilities. Such eui ambiint is 
defined to be cin "immimogenically effective dose." In this 
use, the precise amounts again depend on the patient's state 
of health and weight, the mode of administration, the nature 
of the formulation, etc., but generally Xcmge from about 1,0 
fig to about 5000 fig per 70 kilogram patient, more commonly 
from about 10 fig to about 500 ng mg per 70 kg of body weight. 

In some instances it may be desirable to combine the 
peptide vaccines of the invention with vaccines which induce 
neutralizing antibody responses to the virus of interest, 
particularly to viral envelope €mtigens. 

For therapeutic or immunization purposes, the peptides 
of the invention can also be expressed by attenuated viral 
hosts, such as vaccinia or fowlpox. This approach involves 
the use of vaccinia virus as a vector to e^qpress nucleotide 
iaequences that encode the peptides of the invention. Upon 
introduction into an acutely or chronically infected host or 
into a non- infected host, the recombinant vaccinia virus 
e3q>resses the immunogenic peptide, and thereby elicits a host 
CTL response. Vaccinia vectors and methods useful in 
immunization protocols are described in, e.g., U.S. Patent No. 
4,722,846, incorporated herein by reference. Another vector 
is BCX; (Bacille Calmette Guerin) . BCG vectors are described 
in Stover et al. ( Nature 351:456-460 (1991)) which is 
incorporated herein by reference. A wide variety of other 
vectors useful for therapeutic administration or immunization 
of the peptides of the invention, e.g. , Salmonella typhi 
vectors and the like, will be apparent to those skilled in the 
art from the description herein. 

Antigenic peptides may be used to elicit CTL ex vivo , 
as well. The resulting CTL, can be used to treat chronic 
infections (viral or bacterial) or ttjmors in patients that do 
not respond to other conventional forms of therapy, or will 
not respond to a peptide vaccine approach of therapy. Ex vivo 
CTL responses to a particular pathogen (infectious agent or 
tumor smtigen) are induced by incubating in tissue culture the 
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patient's CTL precursor cells (CTIjp) together with a source of 
antigen-presenting cells (APC) and the appropriate immunogenic 

• ^ - -peptide . - After an appirop incubation time (typically 1-4 

weeks), in which the CTLp are activated and mature and expand 
5 into effector CTL, the cells are infused back into the 

patient, where they will destroy their specific target cell 
<an infected cell or a tumor cell). 

The peptides may also find use as diagnostic reiagehts. 
For exanple, a peptide of the invention may be used to 

10 determine the susceptibility of a p^trticular iridiyidxial to a 
treatment regimen which exiploys the peptide or related 
peptides, and thus may be helpful in modifying an existing 
treatment protocol or in determining a prognosis for sua 
affected individual. In addition, the peptides may also be 

15 used to predict which individuals will be at substantial risk 
for developing chronic infection. 

The following exeutples are offered by way of 
illustration, not by way of limitation. 
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Claas I antigen isolation ^ > 
A flow diagraM of ah HIA-~A antigen purification scheme 
is presiented in Figure 1. Briefly, the cells bearing the 
appropriate allele were grown in large batches (€-8 liters 
yielding -5 x 10^ cells) , harvested by centrifugation and 
washed. All cell lines were maintained in RFMI 1640 m^dia 
(Sigma) supplemented with 10% fetal bovine serum (FBS) aiid 
antibiotics. For large-scale cultures, cells were grown in 
roller bottle culture in RPMI 1640 with 10% FBS or with 10% 
horse serum and auitibiotics. Cells were harvested by 
centrifugation at 1500 RPM IEC-CRU5000 centrifuge with 259 
rotor and washed three times with phosphate -buffered saline 
(PBS) (0.01 M PO4, 0.154 M NaCl, pH 7.2). 

Cells were pelleted and stored at -70*»C or treated 
with detergent lysing solution to prepare detergent lysates. 
Cell lysates were prepared by the addition of stock detergent 
solution [1% NP-40 (Sigma) or Renex 30 (Accurate Chem. Sex. 
Corp., Westbury, NY 11590), 150 inM NaCl, 50 aM Tris, pH 8.0] 
to the cell pellets (previously counted) at a ratio of 50-100 
X 10^ cells per ml detergent solution. A cocktail of protease 
inhibitors was added to the premeasured volume of stock 
detergent solution innnediately prior to the addition to the 
cell pellet. Addition of the protease inhibitor cocktail 
produced final concentrations of the following: 
phenylmethylsulfonyl fluoride (PMSF) , 2 mM; aprotinin, 5 
/ig/ml; leupeptin, 10 /ig/ml; pepstatin, 10 iis/vol; 
iodoacetamide, 100 fiM; and EDTA, 3 ng/ml. Cell lysis was 
allowed to proceed at 4«C for 1 hour with periodic mixing. 
Routinely 5-10 x 10^ cells were lysed in 50-100 ml of 
detergent solution. The lysate was clarified by 
centrifugation at 15,000 x g for 30 minutes at 4«C and 
subsequent paissage of the supernatant fraction through a 0.2 ^i 
filter \mit (Nalgene) . 

The HLA-A cintigen purification was achieved using 
affinity columns prepared with mAb- conjugated Sepharose beads. 
For antibody production, cells were grown in RPMI with 10% FBS 
in large tissue culture flasks (Coming 25160-225) . 
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Antibodies were purified from clarified tissue culture medium 
by ammonium sulfate fractionation followed by affinity 
chrdinatogfaphy on protein-A-Sepharbse (S^^ Briefly, 
saturated ammonium sulfate was. added slowly with stirring to 
5 the tissue culture supernatant to 45% (volume to voltune) 
overnight at 4**C to precipitate the immunoglobtxlins. The 
precipitated proteins were harvested by centrifugation at 
10,000 X g for 30 minutes. The precipitate was then dissolved 
in a minimum volume of PBS and transferred (to dialysis tubing 

10 (Spectro/Por 2, Mol. wt. cutoff 12,000-14,000, Spectum Medical 
Ind.). Dialysis was against PBS (^20 times the protein 
solution volume) with 4-6 changes of dialysis buffer over a 
24-48 hour period at 4«e. The dialy zed protein solution was 
clarified by centrifugation (10,000 x g for 30 inihutes) and 

15 the pH of the solution adjusted to pH 8.0 with IN NaOH. 

Protein-A-Sepharose (Sigma) was hydrated according to the 
manufacturer's instructions, and a protein-A-Sepharose column 
was prepared. A column of 10 ml bed volume typically binds 
50-100 mg of mouse IgG* 

20 The protein sample was loaded onto the protein-A- 

Sepharose colximn using a peristaltic pim^> for large loading 
volumes or by gravity for smaller volumes (<:100 ml) . The 
column ms washed with several volumes of PBS, and the eluate 
was monitored at A2 80 in a spectrophotometer until base line 

25 was reached. The bound omtlbody was eluted using 0.1 M citric 
acid at suitable pH (adjusted to the appropriate pH with IN 
NaOH). For mouse IgG-l pH 6.5 was used for IgG2a pH 4.5 was 
used and for IgG2b £uid Ig63 pH 3.0 was used. 2 M Trls base 
was used to neutralize the eluate. Fractions containing the 

30 antibody (monitored by A280) were pooled, dialyzed against PBS 
and further concentrated using an Amicon Stirred Cell system 
(Amicon Model 8050 with YM30 membrsme) . The anti-A2 mAb, 
BB7.2, was useful for affinity purification. 

The HLA-A antigen was purified using affinity columns 

35 prepared with mAb- conjugated Sepharose beads. The affinity 

columns were prepared by incubating protein-A-Sepharose beads 
(Sigma) with affinity-purified mAb as described above. Five 
to 10 mg of mAb per ml of bead is the preferred ratio. The 
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mAb bound beads were washed with borate buffer (borate buffer: 
, 100 mM sodium tetraborate, 154 mM NaCl, pH 8.2) until the 
washes show A2 80 at based line. Dimethyl pimelimidate (20 nM) 
in 200 mM triethanolamine vras added to covalently crosslink 
the bound mAb to the protein-A-Sepharose (Schneider et al. , J. 
piQl, Ch^, 257:10766 (1982). After incubation for 45 minutes 
at room tenperature on a rotator, the excess crossl inking 
reagent was removed by washing the beads twice with 10-20 ml 
of 20 mM ethanolamine, pH 8.2. Between each one the slun^ 
was placed on a rotator for 5 minutes at room temperature. 
The beads were washed with borate buffer and with PBS plus 
0.02% sodium azide. 

The cell lysate (5-10 x 10^ cell equivalents) was then 
slowly passed over a 5-10 ml affinity column (flow rate of 
0.1-0.25 ml per minute) to allow the binding of the antigen to 
the immobilized antibody. After the lysate was allowed to 
pass through the coltunn, the column was washed sequentially 
with 20 colxman volumes of detergent stock solution plus 0.1% 
sodiimi dodecyl sulfate, 20 column volumes of 0.5 M NaCl, 20 mM 
Tris, pH 8.0, and 10 column volumes of 20 mM Tris, pH 8.0. 
The HLA-A antigen bound to the mAb was eluated with a basic 
buffer solution (50 mM diethylamine in water) . As an 
alternative, acid solutions such as 0.15-0.25 M acetic acid 
were also used to elute the bound antigen. An aliquot of the 
eluate (1/50) was removed for protein quantification using 
either a colorimetric assay (BGA assay. Pierce) or by SDS- 
VRGE, or both. SDS-PAGE analysis was perforated as described 
by Laemmli (Laemmli, U.K., Nature 227:680 (1970)) using known 
amounts of bovine serum albumin (Sigma) as a protein standard. 
Allele specific antibodies were used to purify the specific 
MHC molecxiie. In the case of HIiA-A2, the mAb BB7.2 was used. 

ExarytpXfi 2 

Isolation and sequencing of n aturally processed peptides 
For the HLA-A preparations derived from the base (50 
mM diethylamine) elution protocol, the eluate was immediately 
neutralized with 1 N acetic acid to pH 7.0-7.5, The 
neutralized eluate was concentrated to a volume of 1-2 ml in 
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an Amicon stirred cell [Model 8050, with Ym menibranes 
(Amicon)]. Ten ml of ammonium acetate (0,0i M, pH 8/0) was 
added to the concentrator to remove the non-volitile saltsV 
and the sanqple was concentrated to approximately 1 ml, A 
small san?)le (1/50) was removed for protein quantitation as 
described above. The remainder was recovered into a 15 ml 
polypropylene conical centrifuge tube (Falcon, 2097) (Becton 
Dickinson) • Glacial acetic acid was added to obtain a fixxal 
concentration of 10% acetic acid. The acidified san?)le was 
placed in a boiling water bath for 5 minutes to allow for the 
dissociation of the bound peptides. The sanple was cooled on 
ice, returned to the concentrator and the filtrate was 
collect^. Additional aliquots of 10% acetic acid (1-2 ml) 
were added to the concentrator, and this filtrate was pooled 
with the original filtrate. Finally, 1-2 ml of distilled 
water was added to the concentrator, and this filtrate was 
pooled as well. 

The retentate contains the bulk of the HLA-A heavy 
chain and jS^ ^^croglobulin, while the filtrate contains the 
naturally processed bound peptides and other components with 
molecular weights less than about 3000. The pooled filtrate 
material was lyophilized in order to concentrate the peptide 
fraction. The saii5>le was then ready for further analysis. 

For HPLC (high performance liquid chromatography) 
separation of the peptide fractions, the lyophilized san?>le 
was dissolved in 50 fil of distilled water, or into 0.1% 
trifluoracetic acid (TFA) (implied Biosystems) in water and 
injected to a CIS reverse-phase narrow bore column (Beckmsm 
CIS Ultrasphere, 10 x 250 mm) , using a gradient system 
described by Stone and Williams (Stone, K.L. and Williams 
K.R,, in, Macromolecular Sequencing and Synthesis; Selected 
Methods and Applications, A.R. Liss, New York, 1988, pp. 7-24. 
Buffer A was 0.06% TFA in water (Burdick- Jackson) and buffer B 
was 0.052% TFA in 80% acetonitrile (Burdick- Jackson) . The 
flow rate was 0.250 ml/minute with the following gradient: 0- 
60 min., 2-37.5% B; 60-95 min., 37.5-75% B; 95-105 min. , 75- 
98% B. The Gilson narrow bore HPLC configuration is 
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particularly useful for this purpose, although other 
configurations work equally well. 

A large number of peaks were detected by absorbaiice at 
214 nm, many of which appear to be of low abundance. Whether 
a given peak represents a single peptide or a peptide mixture 
was not determined. Pooled fractions were then sequenced to 
determine motifs specific for each allele as described below. 

Pooled peptide fractions > prepared as described above 
were analyzed by automated Edman sequencing using the Applied 
Biosystems Model 477A automated sequencer. The sequencing 
method is based on the technique developed by Pehr Edman in 
the 1950s for the sequential degradation of proteins and 
peptides to determine the sequence of the constituent amino 
acids. 

The protein or peptide to be sequenced was held by a 
12 -mm diameter porous glass fiber filter disk in a heated, 
argon-purged reaction chamber. The filter was generally pre- 
treated with BioBrene Plus™ and then cycled through one or 
more repetitions of the Edmcui reaction to reduce contamincmts 
and inprove the efficiency of subsequent Scuiple sequencing. 
Following the pre -treatment of the filter, a solution of the 
sanple protein or peptide (10 pmol-5 nmol range) was loaded 
onto the glass filter and dried. Thus, the sample was left 
embedded in the film of the pre -treated disk. Covalent 
attachment of the san^le to the filter was usually not 
necessary because the Edman chemistry utilized relatively 
apolar solvents, in which proteins and peptides are poorly 
soluble . 

Briefly, the Edmaui degradation reaction has three 
steps: coupling, cleavage, cuid conversion. In coupling step, 
phenylisothiocyanate (PITC) is added. The PITC reacts 
quantitatively with the free amino- terminal amino acid of the 
protein to form the phenyl thiocarbamyl -protein in a basic 
environment. After a period of time for the coupling step, 
the excess chemicals are extracted cuad the highly volatile 
organic acid, trif luoroacetic acid, TFA, is used to cleave the 
PITC- coupled amino acid residue from the amino terminus of the 
protein yielding the anilinothiazolinone (ATZ) derivative of 



wo 94/20127 



PCTAJS94/02353 



34 

the amino acid. The remaining protein/pep tide is left with a 
new amino terminus and is ready for the next Bdmcm cycle. The 
ATZ amino acid is extracted and transferred to a coiyersibn 
flask, where upon addition of 25% TFA in water, the ATZ amino 
acid is converted to the more stable phenyl thiohydantoin (PTH) 
amino acid that can be identified and qusmtified following 
automatic injection into the Model 120 PTH Analyzer which uses 
a microbore C-18 reverse-phase HPLC colimin for the analysis. 

In the present procedures, peptide mixtures were 
loaded onto the glass filters. Thus, a single amino acid 
sequence usually does not result. Rather, mixtures of amino 
acids in different yield are found. When the particular 
residue is conserved among the peptides being sequenced, 
increased yield for that amino acid is observed. 

Sxampj.Q 3 

Definition of an A2 .1 specif ic motif 
In one case, pooled peptide fractions prepared as 
described in Exair^le 2 above were obtained from HLA-A2.1 
homozygous cell lines, for exan?)le, JY. The pooled fractions 
were HPLC fractions corresponding to 7* to 45% CH3CN. For 
this class I molecule, this region of the chromatogram was 
most abundant in peptides . Data from independent experiments 
were averaged as described below. 

The amino acid sequence analyses from four independent 
experiments were analyzed and the results are shown in Table 
3. For each position except the first, the data were analyzed 
by modifying the method described by Falk et al., supra , to 
allow for con?)arison of experiments from different HLA types. 
This modified procedure yielded quantitative yet standardized 
values while allowing the averaging of data from different 
experiments involving the same HLA type. 

The raw sequenator data was converted to a siir?>le 
matrix of 10 rows (each representing one Edman degradation 
cycle) and 16 columns (each representing one of the twenty 
amino acids; W, C, R and H were eliminated for technical 
reasons. The data corresponding to the first row (first 
cycle) was not considered further because, this cycle is 
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usually heavily contaminated by free amino acids.) . The 
values of each row were sxammed to yield a total pmqles value 
for that particular cycle. For each row, vailues for each 
amino acid were then divided by the corresponding total yield 
value, to determine what fraction of the total signal is 
attributable to each cunino acid at each cycle. By doing so, 
an "Absolute Frequency" table %ras generated. This absolute 
frequency table allows correction for the declining yields of 
each cycle. 
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Starting from the absolute frequency table, a 
"relative frequency" table .was, then gen 

cottparisons among different amino acids. To do so the data 
from each column was summed, and then averaged. Then, each 
5 value was divided next by the average column y^lue to obtain 
relative frequency values « These values quantitate, in a 
standardized manner, increases and decreases peir cycle, for 
each of the different sixteen amino acid types. Tables 
generated from data from different experiments can thus be 

10 added together to generate average relative frequency values 
(and their standard deviations). All standard deviations can 
then be averaged, to estimate a standard deviation value 
applicable to the sair^les from each table. Any particular 
value exceeding 1.00 by more than two standard deviations is 

15 considered to correspond to a significant increase. 

Example 4 
Quantitative Binding Aasavs 
Using isolated MHC molecules prepared as described in 

20 Exan^le 2, aho\re, qucintitative binding assays were performed. 
Briefly, indicated amounts of MHC as isolated above were 
incubated in 0.05% NP40-PBS with '^S nM of radiolabeled 
peptides in the presence of 1-3 fiM ^ cocktail of 

protease inhibitors (final concentrations 1 mM PMSF, 1.3 mM 

25 1.10 Phenanthroline, 73 fsM Pepstatin A, 8 mM EDTA, 200 /xM N-a- 
p-tosyl-L- Lysine Chloromethyl ketone). After various times, 
free and bound peptides were separated by TSK 2000 gel 
filtration, as described previously in A. Sette et al,, J. 
Immunol , 148:844 (1992), %irhich is incorporated herein by 

30 reference. Peptides were labeled by the use of the Chloramine 
T method Buus et al., Science 235:1352 (1987), which is 
incorporated herein by reference. 

The HBc 18-27 peptide HLA binding peptide was 
radiolabeled euid offered (5-10 nM) to 1 ;iM purified HLA A2.1. 

35 After two days at 23**C in presence of a cocktail of protease 
inhibitors and 1-3 fxM purified human jSj^* percent of MHC 

class I bound radioactivity was measured by size exclusion 
chromatography, as previously described for class II peptide 
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binding assays in Sette et al., in Semiriars in Immun ology . 
Vol. 3, Gefter, ed. (W,B, Saunders, Philadelphia, 1991) , pp 
195-202, which is incorporated herein by reference. Using 
this protocol, high binding (95%) was detected in all cases in 
the presence of purified HLA A2.1 molecules. 

To explore the specificity of binding, we determined 
whether the binding was inhibitable by excess iinlclbeled 
peptide, and if so, what the 50% inhibitory concentration 
(IC50%) might be. The rationale for this experiment was 
threefold. First, such an e:}q)eriment is crucial in order to 
demonstrate specificity. Second, a sensitive inhibition assay 
is the most viable alternative for a high throughput 
quantitative binding assay. Third, inhibition data subjected 
to Scatchard analysis can give quantitative estiinates of the 
equilibrium constant (K) of interaction and the fraction of 
receptor molecules capable of binding ligand (% occupancy) . 
For instance, in analysis of an inhibition curve for the 
interaction of the peptide HBc 18-27 with A2.1, the IC50% was 
determined to be 25 nM. Further experiments were conducted to 
obtain Scatchard plots. For HBc 18-27/A2.1, six different 
experiments using six independent MHC preparations yielded a 
Kjj of 15.5 ± 9.9 X 10'^ M and occupancy values of 6.2% (±1.4). 

Several reports have demonstrated that class I 
molecules, xinlike class II, are highly selective with regard 
to the size of the peptide epitope that they recognize. The 
optimal size varies between 8 and 10 residues for different 
peptides and different class I molecules, ail though MHC binding 
peptides as long as 13 residues have been identified. To 
verify the stringent size requirement, a series of N- and 
C- terminal truncation/extension analogs of the peptide HBc 
18-27 were synthesized and tested for A2.1 binding. Previous 
studies had demonstrated that the optimal size for CTL 
recognition of this peptide was the 10-mer HBcl8-27 (Sette et 
al . supra) . It was found that removal or addition of a 
residue at the C terminus of the molecule resulted in a 30 to 
100 -fold decrease in binding capacity. Further removal or 
addition of another residue conpletely obliterated binding. 
Similarly, at the N- terminus of the molecul^ removal or 



wo 94/20127 



PCT/US94/02353 



39 

deletion of one residue from the optimal HBc 18-27 peptide „ 
completely abrogated A2.1 binding. 

Throughout this disclosure, results have been 
expressed in terms of ICSO's, Given the conditions in which 
our assays are run (i.e., limiting MHC and labeled peptide 
concentrations), these values approximate Kp values. It 
should be noted that IC50 values can change, often 
dramatically, if the assay conditions are varield, and 
depending on the particular reagents used (e.g., Cla^s I 
preparation, etc.). For exanple, excessive concentrations of 
MHC will increase the apparent measured IC50 of a given 
ligand. 

An alternative way of expressing the binding data, to 
avoid these uncertainties, is as a relative value to a 
reference peptide. The reference peptide is included in every 
assay. As a particular assay becomes more, or less, 
sensitive, the ICSO's of the peptides tested may chemge 
somevrtiat. However, the binding relative to the reference 
peptide will not change. For exaoqple, in an assay run under 
conditions such that the IC50 of the reference peptide 
increases 10-fold, all IC50 values will also shift 
approximately ten- fold. Therefore, to avoid ambiguities, the 
assessment of whether a peptide is a good, intermediate, weak, 
or negative binder should be based on it's IG50, relative to 
the IC50 of the standard peptide. 

The reference peptide for the HIiA-A2.l assays 
described herein is referred to as 941.01 having a sequence of 
FLPSDYFPSV, Ah average IC50 of 5 (nM) was observed under the 
assay conditions utilized. 

If the IC50 of the standard peptide measured in a 
particular assay is different from that reported in the table, 
then it should be understood that the threshold values used to 
determine good, intermediate, weak, cuid negative binders 
should be modified by a corresponding factor. For example, if 
in an A2.1 binding assay, the IC50 of the A2,l standard 
(941; 01) were to be measured as 8 nM instead of 5 nM, then a 
peptide ligand would be called a good binder only if it had sin 
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IC50 of less than 80 nM (i,e,, 8nM x 0.1), instead of the 
usual cut-off value of 50 nM, 

Example 5 

HIA-A2.1 Binding Motif and Algorithm 
The structural requirements for peptide binding to 
A2.1 have been defined for both, 9-mer and 10 -mer peptides. 
Two approaches have been used. The first apprbach referred to 
as the "poly-A approach" uses a panel of single amino acid 
substitutions of a 9 -mer prototype poly -A binder (ALAKAAAAV) 
that is tested for A2.1 binding using the methods of Exanqple 4 
cdDbve to examine the degree of degeneracy of the anchor- 
positions and the possible influence of non-anchor positions 
on A2.1 binding. 

The second approach, the •Motif -Library approach", 
uses a large library of peptides selected from sequences of 
potential target molecules of viral and ttmior origin and 
tested for A2.1 binding using the methods in Exaxi5)le 4 above. 
The frequencies by which different amino-acids occured at each 
position in good binders cmd non*binders were analysed to 
further define the role of non-anchor positions in 9-mers and 
lO-mers. 

A2.1 binding of peptide 9-merg 

PqIY a Appyp^qh A poly- A 9 -mer peptide, containing 
the A2.1 motif L (Leu) in position 2 and V (Val) in position 9 
was chosen as a prototype binder. A K (Lys) residue was 
included in position 4 to increase solubility. A panel of 91 
single amino-acid substitution analogues of the prototype 
parental 9 -mer was synthesized and tested for A2.1 binding 
(Table 4) . Shaded areas mark analogs with a greater than 10- 
fold reduction in binding capacity relative to the parental 
peptide. A reduction in binding greater than 100 -fold is 
indicated by hyphenation. 

Anchor- Positions 2 and 9 i n Polv-A Analogs The 
effect of single -amino-acid substitutions at the anchor 
positions 2 and 9 was examined first. Most substitutions in 
these positions had profound detrimental effects on binding 
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capacity, thus confirming their role for binding. More 
specifically, in position 2 only L and M boimd %d.thin a 10- 
fold range ("preferred residues") . Residues with similar 
characteristics, such as I, V, A, and T were tolerated, but 
boimd 10 to 100 -fold less strongly than the parental peptide. 
All the remaining substitutions (residues S, N, D, F, C, K, G, 
and P) were not tolerated and decreased binding by more than 
100 - fold • Con5)arably stringent requirements w^ireobservred for 
position 9, where V, L and I were preferred and A and M are 
tolerated, while the residues T, C, N, F, and Y virtxially 
abolished binding. According to this set of peptides, an 
optimal 2-9 motif could be defined with L, M in position 2 and 
V, I, or L in position 9. 
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Non-Anchor Positions 1 and 3-8 in Poly-A Analogs All 
non-anchor positions were more permissive to different 
substitutions them the anchor-positions 2 and 9, i.e most 
residues were tolerated. Significant decreases in binding 
5 were observed for acme substitutions in distinct positions « 

More specifically, in position 1 a negative charge (residues D 
and E) or a P greatly reduced the binding capacity. Most 
substitutions were tolerated in position 3 with the exception 
of the residue R. Significouit decreases were also seen in 
10 position 6 upon introduction of either a negative charge (D, 
E) or a positively charged residue (R) . A summary of these 
effects by different single cuoino acid substitutions is given 
in Table 5. 
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TABLE 5 



Summary 


A2 . 1 






AA position 


( + ) 


(+/-) 




1 


FAYKVGSIT 




BDP 


2 


LM 


VITA 


SNDFCKGP 


3 


AFDEMYLSNPV 


K 




4 


CEVPATSD 






5 


NALYGEDKQ 






6 


FIAPCVYEG 


DR 




7 


YANLPVETQ 






8 


ALGPFYQTNVEHK 






9 


VIL 


AM 


TCNFY 




Ratio > 0.1 


Ratio 0.01-0.1 


Ratio < 0.01 



10 



15 



10 



15 



The Motif -Library Approach To further evaluate the 
inportcuice of non-suichor positions for binding, peptides of 
potential target molecules of viral and tumor origin were 
scanned for the presence of sequences containing optimal 2-9 
anchor motifs. A set of 161 peptides containing a L or M in 
position 2 and a V, L or I in position 9 was selected, 
synthesized and tested for binding (see Exaii5>le 6) . Only 
11.8% of these peptides bind with high affinity (ratio aO.lO; 
22.4% were intermediate binders (ratio aO.l) . As many as 36% 
were weak binders (ratio <0.01 - 0.0001), and 31% were non- 
binders (ratio<0.0001) . The high number of non-binders 
containing optimal anchor-motifs indicates that in this set of 
peptides positions other than the 2-9 anchors influence A2.1 
binding capacity, i^pendix 1 sets forth all of the peptides 
having the 2-9 motif used for this analysis cuid the binding 
data for those peptides. 

To define the influence on non- anchor positions more 
specifically, the frequency of occurrence of each amino acid 
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in each of the non- anchor positions vras calculated for the 
good and intermediate bindersf on one hand and non-binders on 
the other hand. Amino acids of similar chemical 
characteristic were grouped together. Weak binders were not 
considered for the following analysis. The frequency of 
occurence of each amino acid in each of the non- anchor 
positions was calculated for the good binders and nonrbinders 
(liable 6). 

Several striking trends become apparent. For exanple 
in j&osition 1, only 3.6% of the A2,l binders and as much as 
35% of the non-binders carried a negative charge (residues D 
aiid E) • This observation correlates well with previous 
findings in the set of poly- A analogs, where a D or E 
substitution greatly affected binding. Similarly, the residue 
P was 8 times more frequent in non-binders than in good 
binders. Conversely, the frequencies of aromatic residues (Y, 
F, W) were greatly increased in A2.1 binders as con?}ared to 
non-binders. 
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Following this approach, amino acids of similar 
structural characteristics were grouped together. Then, the 
frequency of each amino acid group in each position was 
calculated for binders versus non-binders (Table 7) • Finally, 
the frequency in the binders group was divided by the 
frequency in the non-binders to obtain a "frequency ratio". 
This ratio indicates whether a given amino -acid or group of 
residues occurs in a given position preferentially in good 
binders (ratio >l) or in non-binders (ratio <1) . 

TABLE 7 

A2.1 9-iner PEPTIDES 

NUMBER OF PEPTIDES 161 

GOOD BINDERS 19 11.8% 

INTERMEDIATE BINDERS 36 22.4% 

WEAK BINDERS 58 36.0% 

NON-BINDERS 48 29.8% 





pos. 1 


pes . 2 


pes. 3 


pos. 4 


pos. S 


pos. 6 


pos. 7 


pos. 8 


pes. 9 




ratio 


ratio 


ratio 


ratio 


ratio 


ratio 


ratio 


ratio 


ratio 


A 


2.6 


NA 


0.9 


0.9 


0.7 


0.9 


4.4 


0.3 


NA 


G 


3.5 


HA 


0.4 


1,1 


1.1 


1.3 


0,4 


0.4 


NA 


d/e 


0.1 


NA 


0.0 


0,7 


0.3 


0.7 


0,1 


0.9 


NA 


R,H,K 


3.1 


NA 


0.2 


1,0 


0,9 


0.1 


0.0 


1.3 


NA 


L,V,I,M 


3.1 


1.0 


1.8 


0.5 


0,9 


1.3 


1.2 


1,7 


1.0 


Y,P,W 


7.0 


NA 


5.2 


0.9 


8.7 


2.0 


2.3 


2.6 


NA 


Q,N 


0.5 


NA 


0.4 


1,2 


0.9 


1.0 


0.7 


0.3 


NA 


S,T,C 


0.7 


NA 


1.9 


4,8 


0.9 


1.2 


1,2 


1.1 


NA 


P 


0.1 


NA 


0,7 


0.7 


2,6 


1.7 


2,9 


+++ 


NA 



•f-f^ indicates that there were no negative binders 



Different Residues Influence A2.1 Binding In order to 
analyse the most striking influences of certain residues on 
A2.1 binding, a threshold level was set for the ratios 
described in Table 7, Residues showing a more than 4- fold 
greater frequency in good binders were regarded as preferred 
residues (+) • Residues showing a 4- fold lower frec[uency in 
A2.1 binders than in non-binders were regarded as disfavored 
residues (-) . Following this approach, residues showing the 
most prominent positive or negative effects on binding are 
listed in Table 8. 
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This table identifies the amino acid groups which 
influence binding most significantly in each of the non-anchor 
positions, in general, the most negative effects were obseir^ed 
with charged amino acids. In position 1, negatively, charged; 
5 amino acids were not observed in good binders, i.e., those 

amino acids were negative binding residues at position 1. The 
opposite was true for position 6 where only basic amino acids 
were detrimental for binding i.e., were negative binding 
residues. Moreover, both acidic cind basic amino acids were not 
10 observed in A2.1 binders in positions 3 cind 7. A greater than 
4- fold increased frequency of non-binders was found when P was 
in position 1. 

TABLE 8 

15 

Summary of A2.1 Motif -Library, 9-mers 



AA POSITION 


( + ) 


(-) - 


1 


(YFW) 


P, (DE) 


2 


Anchor 




3 


(YFW) 


(DE) , (RKH) 


4 


(STC) 




5 


(YFW) 




6 




(RKH) 


7 


A 


(RKH) , (DE) 


8 






9 


Anchor 





( + ) =: Ratio a 4-fold (-) = Ratio s 0.25 



30 Aromatic residues were in general favored in several of 

the non-anchor positions, particularly in positions 1, 3, and 
5. Small residues like S, T, and C were favored in position 4 
and A was favored in position 7. 

An Improved A2,l 9-mer Motif The data described above 

35 was used to derive a stringent A2.1 motif. This motif is 
based in significant part on the effects of the non-anchor 
positions 1 and 3-8. The uneven distribution of amino acids at 
different positions is reflective of specific dominant 
negative binding effects of certain residues, mainly charged 
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ones, on binding affinity, A series of rules were derived to 
identify appropriate anchor residues in positions 2 and 9 jand 
negative binding residues at positions 1 emd 3-8 to enable 
selection of a high affinity binding inuitunogenic peptide. 
These rules are sxunmarized in Table 9, 

To validate the motif defined above and shown in Table 9 
published sequences of peptides that have been naturally 
processed and presented by A2.1 molecules were analysed (Table 
10) . Only 9-mer peptides containing the 2-9 anchor residues 
were considered. 

When the frequencies of these peptides were cuialysed, it 
was found that in general they followed the rules summarized 
in Table 9. More specifically, neither acidic amino acids nor 
P were found in position 1. Only one acidic amino acid and no 
basic amino acids were found in position 3. Positions 6 and 7 
showed no charged residues. Acidic amino acids, however, were 
frequently found in position 8, where they are tolerated, 
according to our definition of the A2,l motif. The smalysis of 
the sequences of naturally processed peptides therefore 
reveals that >90% of the peptides followed the defined rules 
for a conqplete motif . 

Thus the data confirms a role of positions other than the 
euichor positions 2 and 9 for A2.1 binding. Most of the 
deleterious effects on binding are induced by charged eunino 
acids in non-anchor positions, i.e. negative binding residues 
occupying positions 1, 3, 6 or 7. 
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A2.1 MOmP FOR 9-MER PEPTIDES 
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TABLE 10 

A2 . 1 naturally processed peptides 



1 


2 


3 


4 


5 


6 


7 


8 


9 


A2 . 1- bindinia' 


A 


L 


X 


G 


G 


X 


V 


N 


V 


ND 


L 


L 


D 


V 


P 


T 


A 


A 


V 


ND 


G 


X - 


V 


P 


F 


X 


V 


s 


V 


0.41, 


s 


L 


L 


P 


A 


I 


V 


E 


L 


0.19 


S 


X 


X 


V 


R 


A 


X 


E 


V 


ND 


Y 


M 


N 


G 


T 


M 


S 


Q 


V 


ND 


K 


X 


N 


E 


P 


V 


X 


X 


X 


ND 


y 


L 


L 


P 


A 


I 


V 


H 


I 


0.26 


A 


X 


W 


G 


F 


F 


P 


V 


X 


ND 


T 


L 


W 


V 


D 


P 


Y 


E 


V 


0.23 


G 


X 


V 


P 


F 


X 


V 


S 


V 


0.41 



A2.1 Binding of Peptide lO-mers 

The "Motif -Library" Approach Previous data clearly 
indicated that 10-mers can also bind to HLA molecules even if 

20 with a somewhat lower affinity than 9-mers. For this reason we 
expanded our analysis to 10-mer peptides. 

Therefore, a "Motif -Library" set of 170 peptide 10- 
mers containing optimal motif -combinations %fas selected from 
known target molecule sequences of viral and tumor origin and 

25 analysed as described above for 9-mers. In this set we found 
5.9% good binders, 17.1% intermediate binders, 41.2% weak 
binders and 35.9% non- binders. The actual sequences, origin 
and binding capacities of this set of peptides are included as 
Appendix 2. This set of 10-mers was used to determine a) the 

30 rules for 10-mer peptide binding to A2.1, b) the similarities 
or differences to rules defined for 9-mers, and c) if an 
insertion point caja be identified that would allow for a 
super iii5>osable common motif for 9-mers and 10-mers. 
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Amino*acid frequencies and frequency ratios for the 
various amino-acid groups for each position were generated for 
10-mer peptides as described above for 9 -mer peptides auid cure 
also shown in Tables 11 and 12, respectively for grouped 
5 residues. 

A summary of preferred versus disfavored residues 
and of the rules derived for the 10-mers in a manner cuialogdus 
to that used for 9-mers, is also listed in T2Lbles 13 and 14, 
respectively. 

10 When the frequency- ratios of different dmino*acid 

groups in binders omd non-binders at different positions were 
cmalysed and coii5)ared to the corresponding ratios for the 9- 
mers, both striking similarities and significant differences 
emerged (Table 15) . At the N- terminus and the C- termini of 9- 

15 mers and 10-mers, similarities predominate. In position 1 for 
exanple, in 10-mers again the P residue and acidic amino acids 
were not tolerated. In addition at position 1 in 10-mers 
aromatic residues were frequently observed in A2.1 binders. In 
position 3, acidic amino acids were frequently associated with 

20 poor binding capacity in both 9-mers and 10-mers. 

Interestingly, however, while in position 3 aromatic residues 
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TABLE 13 

Summary of A2.1 Motif -Library lO-mers 



AA position 


{+) 


(-) 


1 


(YFW), A 


(DE), P 


2 


Anchor 




3 


(LVIM) 


(DE) 


4 


G 


A, (RKH) 


5 




P 


6 


G 




7 




(RKH) 


8 


(YFW), (LVIM) 


(DE), (RKH) 


9 




(RKH) 


10 


Anchor 





(+) = Ratio 2 4-fold (-) = Ratio s 0.25 
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TABLE 14 
A2.1 Mi3TIF FOR 10-MER PEPTIDES 




(-) 
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TABLE 15 

CQMPARISON OF A2.X BXNDIKG OF 9-HBRS AND lO-HBRS 



9-mers lO-mers 
AA Position j (+) j (+) 


1 
2 






3 


(YWF) 


(lvhd 


4 


(STC) 


G ' 


5 


(WP) 




6 




G 


7 






8 






9 1 






10 






AA Position | 


9 -mars 10-mers 

1 1 
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were preferred in 9-mers, aliphatic residues (L, V, I, M) were 
preferred in 10-mers. 

At the C' terminus of the peptides, basic suidno acids 
are not favored in position 7, and both acidic azid basic amino 
acids are not favored in position 8 for 10-mers. This is in 
striking agreement with the observation that the same pattern 
was found in 9-mers at positions 6 and 7. Interest ingfly, - again 
the favored residues differ between two peptides sizes. 
Arcanatic (Y, F, W) or aliphatic (L, V, I, M) residues were 
preferred in lO-iners at position 8, while the A residue was 
preferred by 9-meirs in the corresponding position 7. 

By contrast, in the center of the peptide no 
similarities of frequency preferences were observed at 
positions 4, 5, and 6 in 10-mers and positions 4 and 5 in the 
9-mers. 

Most interestingly, among the residues most favored 
in the center of the tested peptides were G in position 4 and 
6, P in position 5 was. not observed in binders. All of these 
residues are known to dramatically influence the overall 
secondary structure of peptides, and in particular would be 
predicted to strongly influence the propensity of a 10-mer to 
adopt a "kinked" or "bulged" conformation. 

Charged residues are predominantly deleterious for 
binding and are frequently observed in non-binders of 9-mers 
and 10-mers. 

However, favored residues are different for 9-mers 
and lO-mers. Glycine is favored while Proline is disfavored 
in the center of 10-mer peptides but this is hot the case for 
9-mers. 

These data establish the existence of an "insertion 
area" spanning two positions (4, 5) in 9-mers and 3 positioxis 
(4, 5, 6) in 10-mers. This insertion area is a more 
permissive region where few residue similarities are observed 
between the 9-mer and 10-mer cuitigenic peptides. Furthermore, 
in addition to the highly conserved anchor positions 2 and 9, 
there are "anchor areas" for unfavored residues in positions 1 
and 3 at the N- terminus for both 9-mer and 10-mer cuid 
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positions 7-10 or 6-9 at the C-terminus for 10-mers and 9- 
mers, respectively. 

BXqUTOlQ g 

Maori thm to Pre dict Binding of 9-mer Peptideg ^IA-A2.1 
Within the population of potential A2,l binding 
peptides identified by the 2,9 motif, as shown in the previous 
exEuiple, only a few peptides are actually good or intermediate 
binders and thus potentially immunogenic. It is apparent from 
th^ data previously described that the residues present in 
positions other them 2 and 9 can influence, often profoundly, 
the binding affinity of a peptide. For exanple, acidic 
residues at position 1 for A2.1 peptides do not appear to be 
tolerated- Therefore, a more exact predictor of binding could 
be generated by taking into accoimt the effects of different 
residues at each position of a peptide sequence, in addition 
to positions 2 and 9. 

More specifically, we have utilized the data bank 
obtained during the screening of our collection of A2.1 motif 
containing 9-mer peptides to develop an algorithm which 
assigns a score for each amino acid, at each position along a 
peptide. The score for each residue is taken as the ratio of 
the frequency of that residue in good and intermediate binders 
to the frequency of occurrence of that residue in non-binders. 

In the present "Grouped Ratio" algorithm residues 
have been grouped by similarity. This avoids the problem 
encountered with some rare residues, such as tryptophan, where 
there are too few occurrences to obtain a statistically 
significcuat ratio. Table 16 is a listing of scores obtained 
by grouping for each of the twenty amino acids by position for 
9-mer peptides containing perfect 2/9 motifs. A peptide is 
scored in the "Grouped Ratio" algorithm as a product of the 
scores of each of its residues. In the case of positions 
other than 2 and 9, the scores have been derived using a set 
of peptides which contain only preferred residues in positions 
2 and 9. To enable us to extend our "Grouped Ratio" algorithm 
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TRBLB 16 





1 


2 


3 


4 


5 


6 


7 


8 


9 






















A 


2.6 


0.03 


0.87 


0.87 


0.65 


0.87 


4.4 


0.29 


0.16 


C 


0.73 


0.01 


1.9 


4.8 


0.87 


1.2 


1.2 


1.1 


0.01 


D 


0.10 


0.01 


0.10 


0.65 


0.29 


0.65 


Oil! 


0.87 


0 . 01 


E 


0.10 


0.01 


0.10 


0.65 


0.29 


0.65 


0.11 


0.87 


0.01 


F 


7.0 


0.01 


5.2 


0.87 


8.7 


2.0 


2.3 


2.6 


0.01 


G 


3.5 


0.01 


0.44 


1.1 


1.1 


1.3 


0.44 


0.44 


0.01 


H 


3.1 


0.01 


0 .22 


1.0 


0.87 


0.09 


0.10 


1.3 


0.01 


I ' 


3.1 


0.14 


1.8 


0.55 


0.87 


1.4 


i.2 


1.8 


0.40 


K 


3.1 


0.01 


0.22 


1.0 


0.87 


0 . 09 


0.10 


1:3 


0.01 


L 


3.1 


1.00 


1.8 


0.55 


0.87 


1.4 


1.2 


1.8 


0.09 


M 


3.1 


2.00 


1.8 


0.55 


0.87 


1.4 


1.2 


1.8 


0.06 


N 


0.50 


0.01 


0.37 


1.2 


0.87 


1.1 


0.65 


<».33 


0.01 


P 


0.12 


0.01 


0.70 


0.73 


2.6 


1.8 


2.9 


0.10 


0.01 


Q 


0 . 50 


0.01 


0.37 


1.2 


0.87 


1.1 


0.65 


0.33 


0.01 


R 


3.1 


0.01 


0.22 


1.0 


0.87 


0.09 


0.10 


1.3 


0.01 


S 


0.73 


0.01 


1.9 


4.8 


0.87 


1.2 


1.2 


1.1 


0.01 


T 


0.73 


0.01 


1.9 


4.8 


0.87 


1.2 


1.2 


1.1 


0.01 


V 


3.1 


0.08 


1.8 


0.55 


0.87 


1.4 


1.2 


1.8 


1.00 


W 


7.0 


0.01 


5.2 


0.87 


8.7 


2.0 


2.3 


2.6 


0.01 


Y 


7.0 


0.01 


5.2 


0.87 


8.7 


2.0 


2.3 


2.6 


0.01 
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to peptides vrtiich may have residues other thcui the preferred 
ones at 2 and 9, scores for 2 and 9 have been deriveid from a 
iset of peptides which are single amino acid substitutions at 
positions 2 and 9. Figure 2 shows a scattergram of the log of 
relative binding plotted against "Grouped Ratio" algorithm 
score for our collection of 9-mer peptides from the previous 
exan^le* 

The present "Grouped Ratio" algorithm can be used to 
predict a population of peptides with the highest occurrence 
of good binders. If one were to rely, for exaxiqpie, solely on 
a 2(L,M) and 9 (V) motif for predicting A2.1 binding 9 -mer 
peptides, it would have been predicted that all 160 peptides 
in our database would be good binders. In fact, as has 
already been described, only 12% of these peptides would be 
described as good binders and only 22% as intermediaite 
binders; 66% of the peptides predicted by such a 2,9 motif are 
either weak or non-binding peptides. In contrast, using the 
•Grouped Ratio" algorithm described above, and selecting a 
score of 1.0 as threshold, 41 peptides were selected. Of this 
set, 27% are good binders, and 49% are intermediate, while 
only 20% are weak and 5% are non-binders (Table 17) • 

The present exanple of an algorithm has used the 
ratio of binders /non-binders to measure the inqcyact of a 
particular residue at each position of a peptide. It is 
immediately apparent to one of ordinary skill that there are 
alternative ways of creating a similar algorithm. 

An algorithm using the average binding affinity of 
all the peptides with a certain amino acid (or amino acid 
type) at a certain position has the advantage of including all 
of the peptides in the analysis, and not just 
good/intermediate binders and non-binders. Moreover, it gives 
a more quantitative measure of affinity than the siit5)ler 
•Grouped Ratio" algorithm. We have created such cin algorithm 
by calculating for each amino acid, by position, the average 
log of binding when that particular residue occurs in our set 
of 160 2,9 motif containing peptides. These values are shown 
in Table 18. The algorithm score for a peptide is then taken 
as the sum of the scores by position for each residues. 
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Figure 3 shows a scatte r g r am of the log of relative binding 
against the average "Log of Binding" algpritlm score/ 
17 shows the ability of the two algorithms to predict peptide 
binding at various levels, as a function of the cut-off score 
used. The ability of a 2,9 motif to predict binding in the 
same peptide set is also shown for reference purposes . It is 
clear from this coii5)arison that both algorithms of this 
invention have a greater ability to predict populations with 
higher frequencies of good binders than a 2/9 motif alone. 
Differences between the "Grouped Ratio* algorithm amd the "Log 
of Binding" algorithm are small in the set of peptides 
analyzed here, but do suggest that the * Log of Binding" 
algorithm is a better, if only slightly, predictor than the 
"Grouped Ratio" algorithm. 

The log of binding algorithm was further revised in 
two ways. First, poly- alanine (poly- A) data were incoiporated 
into the algorithms at the euxchor positions for residues 
included in the expanded motifs where data obtained by 
screening a large library of peptides were not availaible. 
iSecond, an "anchor requirement screening filter" was 
incorporated into the algorithm. The poly-A approach is 
described in detail, above. The "emchor requirement screening 
filter" refers to the way in which residues are scored at the 
anchor positions, thereby providing the ability to screen out 
peptides which do not have preferred or tolerated residues in 
the anchor positions. This is acconqplished by assigning a 
score for xmacceptable residues at the anchor positions which 
are so high as to preclude any peptide which contains them 
from achieving an overall score which would allow it to be 
considered as a potential binder. 

The results for 9-mers and 10-mers are presented in 
Tables 26 cuid 27, below. In these tables, values are group 
values as follows: A; G; P; D,E; R,H,K; L,I,V,M; F,Y,W; S,T,C; 
and Q,N, except where noted in the tables. 
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TABIf 18 





1 


2 


3 


4 


5 


6 


7 


8 


9 






















A 


-2.38 


-3.22 


-2.80 


-2-68 


-2.89 


-2,70 


-2.35 


-3.07 


-2,49 


C 


-2.94 


-4.00 


-2,58 


-1.96 


-3,29 


-2,22 


-2,97 


-2.37 


-4,00 


D 


-3,69 


-4.00 


-3.46 


-2.71 


-2,26 


-2.63 


-3.61 


-3.03 


-4,00 


E 


-3.64 


-4.00 


-3,51 


-2,65 


-3.39 


-3,41 


-3.21 


-2.63 


-4,00 


P 


-1-89 


-4,00 


-2.35 


-2.50 


•1.34 


-2.43 


-2,18 


-1.71 


-4.00 


6 


-2.32 


-4.00 


-3-04 


-2.63 


-2.56 


-2.30 


-3,13 


-2,96 


-4^00 


H 


-2.67 


-4.00 


-2.58 


-2,58 


-2.05 


-3,32 


-3.13 


-2,16 


-4.00 


•I 


-1.65 


-2.55 


-2.80 


-3,44 


-2,74 


-2,79 


-2.20 


-2.69 


-2.10 


K 


-2.51 


-4.00 


-3.65 


-2.93 


-3.34 


-3,77 


-3 .13 


-3.27 


-4 .00 


L 


-2.32 


-1.70 


-2.02 


-2.49 


-2,71 


-2,63 


-2 .62 


-2,01 


-2 ,74 


M 


-0.39 


-1.39 


-1 .79 


-3 .07 


-3 ,43 


-1.38 


-1.33 






K 


-3,12 


-4 .00 


-3 ,52 


-2.22 


-2,36 


-2.30 


-3 ,14 


-3.31 


-4 .00 


P 


-3.61 


-4.00 


-2.97 


-2.64 


-2.42 


-2,31 


-1 .83 


-2,42 


-4 . 00 


Q 


-2.76 


-4.00 


-2.81 


-2,63 


-3.06 


-2.84 


-2,12 


-3-05 


-4.00 


R 


-1.92 


-4.00 


-3.41 


-2.61 


-3.05 


-3.76 


-3,43 


-3,02 


-4.00 


S 


-2.39 


-3.52 


-2.04 


-2-12 


-2,83 


-3.04 


-2,73 


-2,02 


-4.00 


T 


-2.92 


-4,00 


-2.60 


-2.48 


-2.17 


-2,58 


-2.67 


-3,14 


-3.70 


V 


-2.44 


-2.64 


-2.68 


-3.29 


-2.49 


-2.24 


-2.68 


-2.83 


-1.70 


W 


-0.14 


-4.00 


-1.01 


-2.94 


-1,63 


-2,77 


-2.85 


-2.13 


-4,00 


X 


-1,99 


-2-13 


-2.41 


-2.97 


-2,72 


-2.70 


-2.41 


-2,35 


-2,42 


T 


-1.46 


-4.00 


-1.67 


-2.70 


-1.92 


-2.39 


-1.35 


-3.37 


-4,00 
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Example 7 

^ Use of an Algorithm to Predict Bindi ng of 10-mer Peptl^^ to 

' hla-A2,;l • -;- ^ ■• 

Using the methods described in the proceeding 
exaiqple, an analogous set of algorithms has been developed for 
predicting the binding of 10-mer peptides. Table 19 shows the 
scores \ised in a "Grouped Ratio" algorithm, and Table 20 shows 
the "Log of Binding** algorithm scores, for 10-mer peptides. 
Table 21 shows a conparison of the application of the two 
different algorithmic methods for selecting binding peptides. 
Figures 4 and 5 show, respectively, scattergrams of a set of 
10-mer peptides containing preferred residues in positions 2 
and 10 as scored by the "Grouped Ratio" and "Log of Binding" 
algorithms . 
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TABLE 19 





1 


2 


3 


4 


5 


6 


7 


8 


9 ' 


10 
























A 


3,00 


0.01 


3.10 


0.20 


1,60 


0.60 


1.30 


1.60 


0,50 


0,01 


C 


P,90 


0.01 


0.90 


1.10 


1.00 


0.90 


1,40 


1.30 


2,90 




D 


0.01 


0.01 


0.20 


0.60 


0.30 


1,00 


0.30 : 


b.bi ? 


0 ,40 


0,01 


E 


0.01 


0.01 


0.20 


0.60 


0.30 


1,00 


0,30 




0,40 


0-01 


F 


3.00 


0.01 


2.60 


3.10 


3.60 


0.60 


1.60 


14.1 


2.10 


0 .01 


6 


0.80 


0.01 


0.50 


4.70 


0.80 


6.30 


2,70 


6,70 


d;80 


6 .01 


H 


1.20 


0,01 


0.30 


0.10 


0.70 


0,40 


0.20 


0.01 


0,20 


0 .01 


I 


3.00 


0.50 


10.2 


1,00 


1.30 


2.10 


li40 


4.70 


0.8p 


1.00 


K 
L 


1.20 
3.00 


0.01 
1.10 


0.30 
10.2 


0.10 
1.00 


0.70 
1,30 


0.40 
2.10 


0.20 
1.40 


p. 01 
4.70 


0.20 
0.80 


0.01 
0.50 


M 


3.00 


0.60 


10.2 


1.00 


1.30 


2.10 


1.40 


4,70 


0.80 


0.01 




1.00 


o.bi 


0.90 


0,80 


0.80 


0,80 


0.60 


0.40 


0,70 


0.01 


P 


0.00 


0.01 


0.40 


2.60 


0.01 


1.00 


0.40 


1.90 


1.20 


0.01 


Q 


1.00 


0.01 


0.90 


0.80 


0.80 


0.80 


0.60 


0.40 


0.70 


0.01 


R 


1.20 


0.01 


0.30 


0.10 


0.70 


0.40 


0.20 


0,01 


0.20 


0.01 


S 


0.90 


0.01 


0.90 


1,10 


1,00 


0.90 


1.40 


1,30 


2.90 


0,01 


T 


0.90 


0.01 


0.90 


1.10 


1,00 


0,90 


1.40 


1,30 


2.90 


0.01 


V 


3.00 


0.10 


10.2 


1.00 


1.30 


2,10 


1.40 


4.70 


0.80 


2,30 


W 


3.00 


0.01 


2.60 


3.10 


3.60 


0.60 


1.60 


14.1 


2.10 


0.01 


y 


3.00 


0.01 


2.60 


3,10 


3.60 


0.60 


1,60 


14.1 


2.10 


0.01 
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Binding of A2>1 Algorithm Predicted Peptides 

The results of Exaii^>les 6 and 7 indicate that an algorithm can 
be used to select peptides that bind to HLA-A2.i sufficiently 
to have a high probability of being immunogenic. 
To test this result, we tested our algorithm on a large (over 
1300) non- redundant, independent set of peptides derived ^ f 
various sources* After scorlixg this set :%?ith our algorithm, 
we selected 41 peptides (Table 21) for synthesis, cind tested 
them for A2.1 binding. This set of peptides was doitprised of 
21 peipitides with high algorithm scores, and 20 peptides with 
low algorithm scores. 

The binding data and categorization profile are shown in 
Tables 22 and 23 respectively. The correlation between 
binding and algorithm score was 0.69. It is Immediately 
apparent from Table 23 the striking difference betwieen 
peptides with high algorithm scores, and those with low 
algorithm scores. Respectively, 76% of the high scorers and 
none of the low scorers were either good or intermediate 
binders. This data demonstrates the utility of the algorithm 
of this invention. 
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A2,l Algorithm 



SEQUENCE 


SOORCE 


Binding 


Score 


IsUWFVVI/rv 




U • /o 




YIJiLYFSFV 


CMv 


U « '3 


■ JIZ' 


YLITRIJIFCL 


CMV 


0.72 


169 . 


FHWTYLVTL 


CMV 


0,€8 


336 




CMV 


0.49 


' 356 


GLWCVLFFV 


CMV 


0.47 


1989 




CMV 


0.45 


296 


LLLCRLPFL 


CMV 


0.42 


1356 


RLLTSLFFL 


HSV 


0.34 


859 


IiLLTYDYSL 


HSV 


. 0.28 


390 


AMSRNLFRV 


CMV 


0.15 


1746 


JUMLTACVEV 


CMV 


0,089 


411 




CMV 


0.048 


392 


VLARTFTFV 


CMV 


0.044 


196 




CMV 


0.037 


494 


WMWFPSVIJ. 


CMV 


0.036 


362 


TLCOGITLL 


CMV 


0.021 


1043 


0MW3RVFFV 


HSV 


0.011 


1422 


ALGRYQQLV 


CMV 


0 . 0089 


184 


UflPPPVAEL 


CMV 


6.0066 


416 


TMCRYTPRL 


CMV 


0.0055 


414 


RLTWRI/rWL 


CMV 


0 .0052 


250 


AUPRRVLHV 


CMV 


0 .0014 


628 


AliXiLVIiAIili 


CMV 


0 .0014 


535 


AMSGTGTTXi 


CMV 


U , 0005 


602 . 


n].d«V]aKaAV 


UDIV 


u . UU 


A AAA'31 




(JUV 




A " AA1 'i 


TT.a &MH QRT. 


no V 


A AAAfi 
\J . V wo 


A AAiq 


TlinXVKDHv 




A AAAc: 


A AAA01 


AJjoXr KKtuj 


no V 


A AAAO 






HSV 


0 0002 








A' AAA! 








A Aoni 


ft Am "7 


GIiRQIiKBAL 


CMV 


A AA Al 
O • 0001 


A AA1 A 

O . 0010 


TLRMSSKAV 


HSV 


0.0001 


0.00085 


SLRIKRELL 


CMV 


0 


0.00041 


DLKQHERW 


CMV 


0 


0.00026 


PIiRVTPSDL 


CMV 


0 


0.0019 


QUSYEKjQVL 


CMV 


0 


0.0012 


KLKLXJOIAL 


CMV 


0 


0.0012 


PMBAVRHPL 


CMV 


0 


0,0011 


BIiKQTRVNL 


CMV 


0 


0.00053 


MLSVIHDAL 


C3IV 


0 


0.00050 


ELKKVKSVL 


HSV 


0 


0.00033 


PLAYEmKL 


CMV 


0 


0.00017 
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Exaitple 9 

Ex vivo induction of Cytotoxic T Lymphocytes (CTL) : ^ 
Peripheral blood mpnbnuclear cells (PBMC) are / 
isolated from an HLA- typed patient by either venipuncture br 
apheresis (depending upon the initial amotmt of CTLp 
required), and purified by gradient centrifugation using 
Ficoll-Paque (Pharmacia). Typically, one can obtain one 
million PBMC for every ml of peripheral blood, or 
alternatively, a typical apheresis procedure can yield up to a 
total of 1-10 X 10^^ PBMC. 

The isolated and purified PBMC are co- cultured with 
an appropriate number of antigen presenting cell (APC:) , 
previously incubated ("pulsed") with an appropriate amount of 
synthetic peptide (containing the HLA binding motif and the 
sequence of the antigen in question) . PBMC are usually 
incubated at 1-2 X 10^ cells/ml in culture medium such as 
RPMI-1640 (with autologous serum or plasma) or the serum- free 
medium AIM-V (Gibco) « 

APC are usually used at concentrations ranging from 
iXlO^ to 2X10^ cells/ml, depending on the type of cell used. 
Possible sources of APC include: 1) autologous dendritic cells 
(DC) , which are isolated from PBMC and purified as described 
(Inaba, et al., J. Exp. Med, 166:182 (1987)); and 2) mutant 
and genetically engineered mammalicui cells that express 
"enpty" HLA molecules (which are syngeneic [genetically 
identical! to the patient's allelic HLA form), such as the, 
mouse RMA-S cell line or the human T2 cell line. APC 
containing eii5>ty HLA molecules are known to be potent inducers 
of CTL responses, possibly because the peptide can associate 
more readily with eii5>ty MHC molecules than with MHC molecules 
which are occupied by other peptides (DeBruijn, et al., Eur. 
J. Immunol . 21:2963-2970 (1991)). 

In those cases when the APC used are not autologous, 
the cells will have to be gamma irradiated with an appropriate 
dose (using, e.g., radioactive cesium or cobalt) to prevent 
their proliferation both ex vivo , and when the cells are 
re -introduced into the patients. 
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The mixture cultures, containing PBMC, APC and 
j peptide are kept in ah appropriate culture vesefel Eiuch a^ 

i plastic T"flasfcs, gas -permeable plastic bags, or roller • ; : 

bottles, at 37<» centigrade in a humid air/COj incubator. 
5 After the activation phase of the culture, which usually 

occurs during the first 3-5 days, the resulting effector CTL 
i can be further e3q>anded, by the addition of reconft>iiianlt : = 

DNA-derived growth factors such as interle\Ain-2 (IL-2) W > 



interleukin-4 (IL-4) , or intetleukin-V (XL- 7) to the cultures; 

10 An e3q)ansion culture can be kept for an additional 5 to 12 
days, depending on the niambers of effector CTIj required ^^^^f^^ 
particular patient. In addition, expansion cultures may be 
performed using hollow fiber artificial capillary systems 
(Cellco) , v^ere larger numbers of cells (up to 1X10^*) can be 

15 maintained* 

Before the cells are infused into the patient, they 
are tested for activity, viability, toxicity and sterility. 
The cytotoxic activity of the resulting CTL can be determined 
by a standard ^^Cr- release assay (Biddison, W,E. 1991, Current 

20 Protocols in Immunology, p7, 17.1-7.17.5, Ed. J. Coligan et 
al., J. Wiley and Sons, New York), using target cells that 
esqpress the appropriate HLA molecule, in the presence and 
absence of the immunogenic peptide. Viability is determined 
by the exclusion of trypan blue dye by live cells. Cells are 

25 tested for the presence of endotoxin by conventional 

techniques. Finally, the presence of bacterial or fimgal 
contamination is determined by appropriate microbiological 
methods (chocolate agar, etc.). Once the cells pass all 
quality control and safety tests, they are vrcished and placed 

30 in the appropriate infusion solution (Ringer/glucose lactate) 
and infused intravenously into the patient. 



Example 10 
Assays for CTL Activity 
35 1. Peptide synthesis : Peptide syntheses were carried 

out by sequential coupling of N-a-Fmoc-protected amino acids 
on an implied Biosystems (Foster City, CA) 430A peptide 
synthesizer using stcuidard Fmoc coupling cycles (software 
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version 1.40) • All amino acids, reagents, and resins were 
Qbtciined f rom implied Biosystems or Bachem. Solvents wer<e 
obtained from Burdick & Jackson. Solid-pha^e synthesis urns / 
started from an appropriately siibstituted Fmoc -amino acid - 
Sasrin resin. The loading of the starting resin vreis 0.5-0.7 
mmol/g polystyrene, and 0.1 or 0.25 meq were used in each 
synthesis. A typical reaction cycle proceeded as follow^r^^ V^ 
The N- terminal Ftaoc group was removed with 25% piperidine in 
dimethyl formamide (DMF) for 5 minutes, followed by cuiother 
treatment with 25% piperdine in DMF for 15 minutes, "nie resin 
was washed 5 times with DMF. An N-methylpyrolidbne (NMP) 
solution of a 4 to 10 fold excess of a pre-formed 1- 
hydroxybenzotriazole ester of the appropriate Fbioc-amino acid 
was added to the resin and the mixture was allowed to react 
for 30-90 min. The resin was washed with DMF in preparation 
for the next elongation cycle. The fully protected, resin 
bound peptide was subjected to a piperidine cycle to remove 
the terminal Ftaoc group. The product was washed with 
dichloromethajie and dried. The resin wsls then treated with 
trif luoroacetic acid in the presence of appropriate scavengers 
[e.g. 5% (v/v) water] for 60 minutes at 20'C. After 
evaporation of excess trif luoroacetic acid, the crude peptide 
was washed with dimethyl ether, dissolved in water emd 
lyophilized. The peptides wee purified to >95% homogeneity by 
reverse -phase HPLC using H2O/CH3CN gradients containing 0.2% 
TFA modifier on a Vydac, 300A pore-size, C-18 preparative 
column. The purity of the synthetic peptides was assayed on 
an analytical reverse -phase coliimn, and their conqposition 
ascertained by amino acid euialysis amd/or sequencing. 
Peptides were routinely dissolved in DMSO at the concentration 
of 20 mg/ml. 

2. Media ; RPMI- 1640 containing 10% fetal calf serum 

(FCS) 2 mM Glutamine, 50 /xg/ml Gentamicin and 5x10 '^M 2- 
mercaptoethanol served as culture medium and will be referred 
to as RIO medium. 

RPMI- 1640 containing 25 mM Hepes buffer and 
supplemented with 2% FCS was used as cell washing medixmfi. 
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3. Rat Conr ariavali n A supernatant : The spleen cell^ 
obtained from Lewis rats (Sprague-Dawley) were resuspended at 
a concentration of 5x10^ cells/mi in RIO medium supplemente^^^ 
with 5 /xg/ml of ConA in 75 cm2 tissue culture flasks. After 

5 48 hr at 37*C, the supematcints were collected, supplemented 
with 1% <y-methyl-D-mannoside and filter sterilized (,45. /im 
filter). Aliquots were stored frozen at -20 'C. 

4. LPS - activated lymphoblasts : Marine splenocytes were 
resuspended at a concentration of 1-l.SxloVinl in RIO medium 

10 supplemented with 25 /ig/ml LPS cind 7 fig/ral dextran sulfate in 
75 cm^ tissue culture flasks. After 72 hours at 37 *C, the 
lymphoblasts were collected for use by centrifugation. 

5. Peptide coating of lymphoblasts : Coating of the LPS 
activated lyn^hoblasts was achieved by incubating 30x10^ 

15 lymphoblasts with 100 fig of peptide in 1 ml of RIO medium for 
1 hr at 37 *C. Cells were then washed once and resuspended in 
RIO medixun at the desired concentration for use in in vitro 
CTL activation. 

6. Peptide coating of Jurkat A2/K^ cells : Peptide 

20 coating was achieved by incubating 10x10^ irradiated (20,000 
rads) Jurkat A2.l/K^ cells with 20 ftg of peptide in 1 ml of 
RIO medixim for 1 hour at 37 *C. Cells were washed three times 
and resuspended at the required concentration in RIO medium. 

7. In Vitro CTL activation ; One to four weeks after 
25 priming spleen cells (5 x 10^ cells/well or 30x10^ cells/T25 

flask) were concultured at 37 *C with syngeneic, irradiated 
(3,000 rads), peptide coated lyn5)hoblasts (2x10^ cells/well or 
10x10^ cells/T25 flask) in RIO medium to give a final volume 
of 2 ml in 24-well plates or 10 ml in T25 flasks. 

30 8. Restimulation of effector cells : Seven to ten days 

after the initial in vitro activation, described in paragraph 
7 above, a portion of the effector cells were restimulated 
with irradiated (20,000 rads), peptide- coated .Jurkat A2/K^ 
cells (0.2x10^ cells/well) in the presence of 3x10^ "feeder 

35 cells"/well (C57B1/6 irradiated spleen cells) in RIO medium 

supplemented with 5% rat ConA supematcuit to help provide all 
of the cytokines needed for optimal effector cell growth. 
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9. Assay for cytotoxic activity ; Target cells (3xi0^) 

were incxibated at 37*C in the presence of 200 fil of sodium 
^^Cr chromate. • After €0 minutes/ cells were washed three- ^^ ^^^^^^ 
times and resuspended in RIO medium. Peptides were added at 
5 the required concentration. For the assay, 10^ ^^Cr- labeled 

target cells wee added to different concentrations of effector 
cells (final volume of 200 fil) in U-bottom 96-2311 plates. - 
After a 6-hour incubation period at 37'C, O.I ml aliquots of 
supernatant were removed from each well and radioactivity Was 

10 determined in a Micromedic automatic gamma counter. The 

percent specific lysis was determined by the formula: percent 
specific release » 10 Ox (experimental release - ispontaneous 
release) /(maximum release - spontaneous release). Wiere 
peptide titrations wee performed, the antigenicity of a given 

15 peptide (for comparison purposes) was expressed as the peptide 
concentration rec[ulred to Induce 40% specific ^^Cr release at 
a given E:T. 

Transgenic mice were injected subcutcuieously in the 
base of the tall with an Incomplete Fretind's adjuvant emulsion 

20 containing 50 nM of the putative CTL epitopes containing the 

A2,l motifs, cmd 50 nM of a hepatitis B core T helper epitope. 
Eight to 20 days later, animals were sacrificed and spleen 
cells were restlmulated in vitro with syngeneic LPS 
lymphoblasts coated with the putative CTL epitope. A source 

25 of IL-2 (rat con A supematcuit) was added at day 6 of the 
assay to a final concentration of 5% eind CTL activity was 
measured on day 7. The capacity of these effector T cells to 
lyse peptide- coated target cells that express the A2 KB 
molecule (Jurlcat A2 KB) was measured as lytic units. The 

30 results are presented in Table 24. 

The results of this e^qperlment indicate that those 
peptides having a binding of at least 0.01 are capable of 
inducing CTL. All of the peptides in i^pendlces 1 and 2 
having a binding of at least about 0.01 would be immunogenic. 



35 
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TABLE 24 
Binding ^nd Inmunogenicity 
HBV Polymerase (aywr) 

CTL ■ 

Peptide Binding** Activity ; Algorithm 



1 2 3 4 5 6 7 8 9 








F L L S L 6 I H L 


0.52 


63 


i-i20.8 


GLYSSTVPV 


0.15 


10 


: -21.9 


HLYSHPIIL 


0.13 


lb 


-21.1 


W 1 L R 6 T S F V 


0.018 


■ ■ - + 


-20.9 


N L S H L S L D V 


0.013 


6 


-24.7 


LLSSNLSWL 


0.005 




. r21.7 


N L 0 S L T N L L 


0.003 




-23.9 


H L L V G S S G L 


0.002 




>24.7 


LLDDEAGPL 


0.0002 




-25.5 


PiiEEELPRL 


0.0001 




-26.1 


D L N L G N L N V 


.* 




-25.7 


NLYVSLLLL 






-23.6 


P L P I H T A E L 






-25.04 



*-«<6.oooi 

♦* Relative binding capacity conpared to std with IC5Q « 52itiM 
XXX Lytic units/10^ cells; 1 lytic unit « the nximber of 
effector cells required to give 30% Cr^^ release. 
-,-+ no measurable cytotoxic activity. 
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Bxample 11 
Identification of imntunoaenic peptides 
Using the motifs identified above for HLA-A2,i 
allele amino acid sequences from a tumor- related protein. 
Melanoma Antigen- 1 (MAGE-1), were analyzed for the presence of 
these motifs . Sequences for the target antigen are obtained 
from the GenBank data base (Release No, 71.0; 3/92) . m 
identification of motifs is done using the "FINDPATTBRN^ 
program (Devereux et al.. Nucleic Acids Research i2;3fl7*V9y; 
(1984) )• 

Other viral auxd tumor- related proteins can also be 
analyzed for the presence of these motifs. The amino acid 
sequence or the nucleotide sequence encoding products is 
obtained from the GenBank database in the cases of HTuran 
Papilloma Virus (HPV) , Prostate Specific antigen (PSA) , p53 
oncogene, Epstein Barr Nuclear Antigen- 1 (EBNA-l) , cmd c-erb2 
oncogene (also called HER-2/neu) . 

In the cases of Hepatitis B Virus (HBV) , Hepatitis C 
Virus (HCV) , and Hxunan Immunodeficiency Virus (HIV) several 
strains/isolates exist and msuiy sequences have been placed in 
GenBank. 

For HBV, binding motifs are identified for the adr, 
adw and ayw types. In order to avoid replication of identical 
sequences, all of the adr motifs and only those motifs from 
adw and ayw that are not present in adr are added to the list 
of peptides. 

In the case of HCV, a consensus sequence from 
residue 1 to residue 782 is derived from 9 viral isolates. 
Motifs are identified on those regions that have no or very 
little (one residue) variation between the 9 isolates. The 
sequences of residues 783 to 3010 from 5 viral isolates were 
also analyzed. Motifs common to all the isolates are 
identified and added ^ to the peptide list. 

Finally, a consensus sequence for HIV type 1 for 
North American viral isolates (10-12 viruses) was obtained 
from the Los Alamos National Laboratory database (May 1991 
release) cind analyzed in order to identify motifs that are 
constcuat throughout most viral isolates. Motifs that bear a 
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small degree of variation (one residue, in 2 forms) were also 
added to the peptide list:, 

i^pendices 1 euid 2 provide the results of searches 
of the following antigens cERB2, EBIOVI^ HBV/ HCV/ HIV^ HPV, 
MAGE, p53, cind PSA. Only peptides with binding affinity of at 
least 1% as conqpared to the standard peptide in assays 
described in Bxariple 5 are presented. Binding as ccnqoared to 
the standard peptide is shown in the far right coiumh. The 
column labeled "Pos." indicates the position in the cmtigenic 
protein at which the sequence occurs. 

Example 12 
Identification of immunogenic peptides 

Using the motifs disclosed here, amino acid 
sequences from various antigens were screened for further 
motifs. Screening was carried out as described in ExaiQ>le 11. 
Tables 25 and 26 provide the results of searches of the 
following antigens cERB2, CMV, Influenza A, HBV, HIV, HPV, 
MAGE, p53, PSA, Hu S3 ribosomal protein, LCMV, and PAP. Only 
peptides with binding affinity of at least 1% as coaqoared to 
the stcmdard peptide in assays described in Example 5 are 
presented. Binding as con5>ared to the standard peptide is 
shown for each peptide. 
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TABLE 25 



Sequence 


Antigen 


Holeculie 


.A2 
Bind, 


faFGSLAFL 


C-ERB2 




0,1500 


RIIilNGAYSL 


C-ERB2 




0.0180 


IISAWGILL 


C-BHB2 




0.0120 „ 


MMWFWLTV 


CMV 




0 ,7600 ; 


TLLLYFSFV 


CMV 




0-7500 


YLYRUIFCL 


CMV 




0.7200 




CMV 




0.6800 




OSV 




0.4900 


GLWCVLFFV 


CMV 




0,4700 


USXftGVLEV 


CMV 




0.4500 




CMV 




0.4200 


AMSRIILFPV 


CMV 




0.1500 


AMLTACVEV 


CMV 




0.1000 


RLQPNVPLV 


CMV 




0.0480 


VLARTFTPV 


CMV 




0.0440 


RLLRGLIRL 


CMV 




0,0370 


WMWFPSVLZ. 


CMV 




0.0360 


YLCCGITLL 


CMV 




0.0210 


SLLTKVKTYV 


FLD-A 


Ml 


0.0650 


IjLTBVETYV 


FLa-A 


Ml 


0.2000 


LLTEVETYVL 


raj-A 


£11 


0.0130 


GIIjGFVFTL 


FLD-A 


Ml 


0.1900 


GILGFVPTIiT 


FLO-A 


Ml 


0.0150 


ILGFVFTLT 


FLO-A 


Ml 


0.2600 


ILGFVFTLTV 


FLO-A 


Ml 


0.0550 


ALASCMGLI 


FUJ-A 


Ml 


0,0110 


RftDGAVTTEV 


FLO-A 


Ml 


0.0200 
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Table 25 (Cont'd) 



Sequence 


Antigen 


Molecule 


A2 
Bind. 


VTTBVAPGI* 


FLD-A 


Ml 


0.0360 


BIVTTraPLI 


FI^-A 


Ml 


0.0150 


FTPSPTXKA 


HBV 


POL 


0,0190 


YiariiVKivGi 


HBV 


POL 


0.0280 


UlLQAGFFIiV 


HBV (a) 


KNV(a) 


0.6300 


RMLTIPQSy 


HBV (a) 


ENV(a) 


0.0580 


SIASWWTSV 


HBV (a) 


BNy(a) 


0,1000 


FMLLLCLIFL 


HBV (a) 


ENV(a) 


0.0450 


LLPFVQWFV 


HBV (a) 


ENV(a) 


0.6500 


LMPFVQWPV 


HBV (a) 


SNV(a) 


0.8300 


FLGLSPTVWV 


HBV(a) 


BNV(a) 


0.0300 


SHLSPFLPLV 


HBV (a) 


EHV<a) 


0.9700 


GLWIRTPPV 


HBV (a) 


ENV(a) 


0.3600 


NliGNLNVSV 


HBV (a) 


snv(a) 


0.0160 


YUOT-WKAGV 


HBV (a) 


POL (a) 


0.1500 


RLTGGVFLV 


HBV (a) 


POL (a) 


0.1600 


MflGGVFLV 


HBV (a) 


POL (a) 


0.1500 


RLTGGVFLV 


HBV (a) 


ERV(a) 


0.1600 


ILGLLGFAV 


HBV (a) 


BNV(a) 


0.0600 


GLOOVFiUTy 


HBV (a) 


BNV(a) 


0.0300 


WLLRGTSFV 


HBV(a) 


EHV(a) 


0.1000 


YLPSALNFV 


HBV (a) 


ENV(a) 


0.3200 


LLVPFVQfWFA 


HBV adr 




0.2600 


FLPSDFFPSI 


HBV adr 




0.2100 


WSYVNVNM 


HBV adr 




0.0100 


HLFDRVHFA 


HBV adr 




0.0160 


SLAFSAVPA 


HBV adr 




0.0340 
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Table 25 (Cont'd) 



Sequence 


Antigen 


£lolecule 


A2 
Bind. 


FLLTKILTI 


HBV adw 




0.6300 


SLTOILSPFM 


HBV adw 




0.0440 


CLPHXVNLI 


HBV adw 




0.2100 


RLPDRVHFA 


HBV adw 




0.0940 


AXiPPASPSA 


HBV adw 




0.0710 


GLLGWSPQA 


HBV ayw 




0.8650 


FLGPLLVLQA 


HBV ayw 




0.0190 










OlLFVCPIiX 


HBV ayw 




0.0520 


QLFHLCXjl 


HBV ayw 




0.0390 


KLCLGWIfWOf 


HB^V ayw 




0.0210 


UiWFHISCLI 


HBV ayw 




0.0130 


YLVSFGVia 


HBV ayw 




2.7000 


LLBDW6PCA 


HBV ayw 




0.0180 


KLHLYSHPI 


HBV ayw 




0.2900 


FLLAQPTSA 


HBV ayw 




0.6600 


UAQFTSAX 


HBV ayw 




9,6000 




HBV ayw 




0.1600 


AI^LYACI 


HBV ayw 




0.2000 


GLCQVFADA 


HBV ayw 




0.0180 


HIiPDLVHFA 


HBV ayw 




0.1100 


RLCGQIiDPA 


HBV ayw 




0.0290 


AWPLYACI 


HBV ayw 
polymerase 




0.5000 


FLCKQYLNL 


HBV ayw 

polynterase 

665-673 




0.0210 
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Table 25 (Cont'd) 



Sequence 


Antigen 


Molecule 


A2 
Bind. 


SLTADSPSV 


HBV 

polymerase 




0.3500 


AUfPLTASX 


HBV 

polymerase 




0.0760 


NLEOHJIVSI 


HBV 

polymerase 




0.0660 


ALSLIVNLL 


HBV 

polymerase 




0.0470 


KI^YSHPI 


HBV 

polymerase 




0.2900 


WIIiRGTSFV 


HBV 

poxymerase 
X344-1352 




0.0270 


LVLQAOFFUi 


HBVadr 


SlilV 


0.0X50 


PTT.T.T/TTiIFL 


HBVadr 


ENV 


0.0280 


WILRGTSFV 


HBVadr 


VOL 


0.0X80 


IISCTCPTV 


HBVadw 


PreCore 


0.0X90 


LVPFVQWFV 


HBVadtf 


3SNV 


0.0200 


LIISCSCPTV 


HBVadw 


CORE 


0.0290 


FLPSOFFPSI 


HBVayr 


PreCore 


0.2X00 




HBVayr 


PreCore 


0.0220 


QLFHLCLII 


HBVayw 


PreCore 


0.0390 


CLQWLTGMDI 


HBVayw 


PreCore 


0.0X90 


FUQGTTVCL 


HBVayw 


ENV 


O.X700 


SLYSILSPFL 


HBVayw 


ENV 


0.2000 


FLPSDFFPSV 


HBVayw 


CORE 


X.5000 


XLCWGEIKTL 


HBVayw 


CORE 


0.X90O 


IMTIATWVGV 


HBVayw 


GORE 


0.6800 


TIATWVGVNL 


HBVayw 


CORE 


0.5700 
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Table 25 (CcHit'd) 



Sequence 


Antigeii 


Molecule 


A2 
Bind. 


GLSRYVARL 


HBVayw 


POL 


0.1200 


FLCKQYLNL 


HBVayv 


POL 


0.1700 


RMRGTFSAPL 


HBVayv 


POL 


6. Olio 


SLTADSPSV 


HBVayv 


POL 


0.3500 


YIiYGVGSAV 


HCV 




0.1600 


IiIiSTrBWQV 


HCV 




0.0480 


IIGAETFYV 


HIV 


POL 


0.0260 


QLWVTVyYGV 


HIV 


ENV 


0.0250 


RLWVTVYYGV 


HIV 


ENV 


0.0160 


KLwvTvyycv 


HIV 


BNV 


0.0150 


KLWVTVYYGV 


HIV.MN 

gpl60 




0.0150 


YHLDLQPBT 


HPV16 


E7 


1.4000 


TLGIVCPI 


HPV16 


E7 


0.6500 


YLLDIiQEPV 


HFV16 (a) 


E7 (a) 


0.2200 


YtSLDUQPEV 


HPVI6 (a) 


E7 (a) 


1,9000 


HLDIJQPETT 


HPV16E7 


E7 


0.0130 


SLQDIEITCVYCKTV 


HPV18 


fi€ 


0.0100 


RLLTSI«FFL 


HSV 




0.3400 


RLLTSLFFL 


HSV 




0.3400 




HSV 




0.2800 


DMLGRVFFV 


HSV 




0.0110 


rmpEALPHi 




Gp 


0.2000 . 


ALISFLIiIA 


LCMV 


Gp 


0.2200 


TiaisrvssL 


LCMV 


Gp 


0.2000 


NISGYNFSL 


LCMV 


Hp 


0.0280 


ALLDGGNML 


lOIV 


Hp 


0.0320 
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Table 25 (Cont'd) 



Sequence 


Antigen 


Hblecule 


Bind. : 


ALHLFKTTV 


LCif\r 


OP 


0.0170 


SLISDQU^ 


uctav 


OP 


0.0540 




LCMV 


<^ 


pVoiep 




LCMV 


OP 


0.4300 


lUDUHPST 


LOfV 


Gp 


0.0460 


UfPSTSAYZ. 


LQfV 


Op 


0.3600 


YLVSIFUIL 


LCMV 


Gp 


0.4200 


SiaCKPBEA 


HAGEl 




0.0130 


ALGLVCVQ21 


UA6E1 




0.0150 


LVLGTLBKV 


UAGBX 




0.0320 


GTIiKBVPTA 


HAGBl 




0.0130 


CILKSLFRA 


UA6B1 




0.0460 


KVADLVGFUi 


MAGBl 




0.0560 


KVADLVGFLLL 


UAOBl 




0.0200 


VMIAHBGGHA 


HAOBl 




0.0360 


SMHCKPKEV 


HAGBl (a) 




o.oieo 


AMGLVCVQV 


HAGBl (a) 




0.0120 


MILGTLEEV 


HAGBl (a) 




0.1300 


KKADLVGFLV 


HAGBl (a) 




1.5000 


VMVTCLGLSV 


HAGBKa) 




0.3000 




HAGBl (a) 




0.0430 


QMMPKTOFLV 


HAGBl (a) 




0.0500 


VHIAHEGGHV 


HAGBl (a) 




0.0530 


WMELSVMEV 


HAGBl (a) 




0.0410 


FI«HGPRAUV 


HAGBIN 




0.0420 


RAIAETSYV 


HAGBIN 




0,0100 


ALAETSYVKVL 


HAGBIN 




0.0120 
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Table 25 (Cont'd) 



Sequence 


Antigen 


Kolecule 


■ A2- 
Bind. / 


ALAETSYVKV 


MAGBIN 




0.0150 


KVLEYVIKV 


MAGEIN 




0.0900 


YVIKVSARV 


MAGBIN 




0.0140 


ALREEEBGV 


KAGBin 




0.0210 


VMFLWGPRV 


MAGEXN(a) 




0.2200 


KMVKLVHFLLL 


KAGE2 




0,6700 


KMVBLVHFL 


KAGB2 




O.1600 


KSlVBLVHFIiL 


HAGE2 




o.iioo 


KASEYLQLV 


MAGB2 




0.0110 


YliQLVFGIEV 


HAGB2 




0.3700 


LVFGIBWBV 


11AGE2 




0.0120 


QLVF6IEIMEV 


MA0E3 




0.3400 


KVABLVHFL 


HAGE3 




0.0550 




HAGE3 




0.0120 


KUSEVDPIGHL 


MAGB3 




0.0260 


HIiYIFATCLGL 


MAGE3 




0.0410 


IMPKAGLLIIV 


KAGB3 




0.0130 


LVFGIELMEV 


MAaE3 




0.1100 


ALGRNSFEV 


p53 264-272 A8 (Al) 


0.0570 


LLGANSFEV 


p53 264-272 A8 (A4) 


0.1100 


LL6RASFEV 


p53 264-272 A8 (AS) 


0.2200 


LLGRNAFEV 


p53 264-272 AS (A6) 


0.0390 


LLGRNSFAV 


p53 264-272 A8 (A8) 


0.0420 


RLGRNSFEV 


p53 264-272 A8 (Rl) 


0.0190 


liLGRRSFEV 


p53 264-272 AS (R5) 


0.0540 


UiGRNSFRV 


p53 264-272 AS (R8) 


0.0250 


liLFFWLDRSV 


PAP 




0.6000 
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Table 25 (Cont'd) 



Sequence 


Antigen 


Hoiecule 


A2 
Bind. 


VIAKfiLKFV 


PAP 




0.0590 


ILLWQPIPV 


PAP 




1.3000 


ZMrSAHDTTV 


PAP 




0.0610 


KLTLSVTWI 


PSA 




0.0150 


FLTLSVTtflGA 


PSA 




0.0160 : 


FLTI*SVTWI 


PSA 




0,0150 


VLVHPQWVLTA 


PSA 




0.0130 


SLFHPBDTGQfV 


PSA 




0.0190 


HLUOiSEPABL 


PSA 




0.1400 


ALGTTCYA 


PSA 




0.0230 




PSA 




0.0370 


FI.PSDYFPSV 


HBVC18-27 analog 


1.0000 


YSFLFSOFFPSV 


HBVC18-27 analog 


0.0190 
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Table 26 



Sequence 


Antigen 


Holecule 


A2 ' . 
Bind* 


ALFL6FLGAA 


HIV 


gpl60 


0.4950 


HLQLTVWGI 


HIV 


gpliSO. 


0.2450 


RVZEVLQRA 


HIV 


gpiCO 


0.1963 


KLTPIiCVTL 


HIV 


gpl€0 


0.1600 


UiXAARIVEL 


HIV 


gpl60 


0.1550 


SIJU9ATDIAV 


HIV 


gpl€0 


0.1050 


ALFLGFLGA 


HIV 


gpi60 


0.0945 


HMLQLTVWGI 


HIV 


gpl60 


0,0677 




HIV 


gpl60 


0.0607 




HIV 


gpl60 


0.0362 


WLWyiKIFI 


HIV 


gpl60 


0.0355 


TIIVHLNSSV 


HIV 


gpl60 


0.0350 


LLQYWSQEL 


HTV 


gpl60 


0.0265 


IMIVGGLVGL 


HIV 


gpl60 


0.0252 


liLYKLDIVSI 


HTV 


gpl60 


0.0245 


FLAIIWVDL 


HIV 


gpi60 


0.0233 



wo 94/20127 



PCT/USM/023S3 



89 

Table 26 (Cont'd) 



TLQCklKQII 


HIV 


gpl60 


0.6200 


GLVGI.RIVFA 


HIV 


gpl60 


0.0195 


FLGAA6STM 


HIV 


gpl60 


0.0190 


ZISL19DQSL 


HIV 


gpl60 


0.0179 




HIV 


gpl60 


0,0150 


LL6RRGHEV 


HIV 


gpieo 


0.0142 


AVLSrVNRV 


HIV 


Spl60 


0.0132 


FIMIVGGI.V 


HIV 


gpl60 


0.0131 




HIV 


gpl€0 


0.0117 


FI.YGAZJJA 


PI.P 




1.9000 


SZJ.TFMIiUV 


PLP 




0.5300 


FMIAATYNFAV 


PI.P 




0.4950 


RMTGVIjPWI 


PLP 




0.1650 


lAATYNFAV 


PLP 




0.0540 


GLLBCCARCLV 


PZ.P 




0.0515 


XALTWWIiL 


PIJ> 




0.0415 


ALTWWMiV 


PLP 




0.0390 


FLTGALLL 


PLP 




0.0345 


SLCADARHTOV 


PLP 




0.0140 


LLVFACSAV 

1 


PLP 




0.0107 
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Table 26 (Cont'd) 



. Sequence 


Antigen 


A2 


1 KMVELVHFLL 


MA6E2 


0.2200 




KVAEIiVHFL 


HAGE3 


0.0550 


RALAETSTV 


MAGSIN 


0,0100 


LVFGIELHBV 


ISAGE3 


0.1100 


FLWGPSAIA 


HAGBIN 


0.0420 1 


ALAETSYVKV 


MA6B1 


0.0150 


IiVLGTI£EV 


HIV 


0.0320 


LLWKGEGAW 


HIV 


0.0360 


IIGABTFYV 


HIV 


0.0260 


IMVTVYSfOV 


HIV 


0.4400 


IJ.FIIILGGHV 


HCV 


3.5000 


UJULLSCLTV 


HCV 


0.6100 


YLVAYQATV 


HCV 


0.2500 




HCV 


0.2300 


IliAGYGAGV 


HCV 


0.2200 


YLLPRRGPRL 


HCV 


0.0730 


GLLGCIXTSL 


HCV 


0.0610 


DMffiYIPLV 


HCV 


0.0550 


liLAIiLSCI/n 


HCV 


0.0340 


VliAALAAYCL 


HCV 


0.0110 


LLVPPVQWFV 


HBV 


1.6000 


PLLftQFTjSA 


HBV 


0.6600 


FLLSLGXHL 


HBV 


0.5200 




HBV 


0.5000 


ILLLCLIFLL 


HBV 


0.3000 


liLPIFFCLWV 


HBV 


0.1000 


YLHTLWKAGI 


HBV 


0.0560 
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Table 26 (Cont«d) 



YLRTLWKAGV 



HBV 



0.1300 



wo 94/20127 



PCT/US94Att353 



92 

Example ^3 
Identification of iinrminocrenic peptides 
in autoantiaens 
As noted above, the motifs of the present invention 
5 can also be screened in antigens associated with autoiinmune 
diseases* Using the motifs identified above for HIjA-A2.1 
allele amino acid sequences from iioyelin proteoiipid (PLP) , > 
nQrelin basic protein (MBP) , glutamic acid decarboxylase (dAD) , 
and himian collagen types II and IV were analyzed for the 
10 presence of these motifs. Sequences for the antigens were 
obtained from Trifilieff et al., C.R. Sceances Acad. Sci. 
300:241 (1985); Eyler at al,, J". Blpl. CSiem. 246:5770 (1971) ; 
Yamashita et ai, Biocbiem. Blophys. Rea. CommV 192:13(47 
(1993); Su et al.. Nucleic Acids Res. 17:9473 (1989) and 
15 Pihlajaniemi et al. Proc. Natl. Acad. Sci. OSA 84:940 (1987). 
The identification of motifs was done using the approach 
described in Exanple 5 and the algorithms of Exanqples 6 and 7. 
Table 27 provides the results of the search of thiese antigens. 
Using the quantitative binding assays of Exan^ile 4, 
20 the peptides are next tested for the ability to bind MHC 
molecules. The ability of the peptides to suppress 
proliferative responses in autoreactive T cells is carried out 
using standard assays for T cell proliferation. For instance, 
methods as described by Miller et al. Proc. Natl. Acad. Sci. 
25 USA, 89:421 (1992) are suitable. 

For further study, animal models of autoimmune 
disease can be used to demonstrate the efficacy of peptides of 
the invention. For instance, in HLA transgenic mice, 
autoimmune model diseases can be induced by injection of MBP, 
30 PLP or spinal cord homogenate (for MS) , collagen (for 

arthritis) • In addition, some mice become spontaneously 
affected by autoimmune disease (e.g., NOD mice in diabetes). 
Peptides of the invention are injected into the appropriate 
animals, to identify preferred peptides. 

35 
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TABI£ 27 



. Human PLP peptides . 



Pos 




PI 


P2 


P3 


P4 


P5 


P6 


P7 


P8 


P9 


PIO Allele 


Itotif 


3 


9 


I. 


L 


E 


C 


C 


A 


R 


C 


L 


• • / ■ ; 
A2 . 1 ■ ; 


(lif)2; (LVI)c , 


23 


9 


G 


L 


C 


F 


F 


G 


V 


A 


L 






39 


9 


. A 


L 


T 


G 


T 


E 


K 


L 


■ I 






134 


9 


S 


L 


E 


R 


V 


C 


H 


C 


I. 






145 


9 


W 


L 


G 


H 


P 


D 


K 


F 


V 






153 


9 


A 


L 


T 


V 


V 


W 


L 


Ii 


V 






164 ' 


9 


L 


L 


V 


F 


A 


C 


S 


A 


V 






205 


9 


R 


M 


Y 


G 


V 


L 


P 


W 


I' 






2 


10 


G 


L 


I. 


E 


C 


C 


A 


R 


c 






3 


10 


L 


L 


E 


C 


C 


A 


R 


C 


L 


V - 




10 


10 


C 


L 


V 


G 


A 


P 


F 


A 


S 


L . 




163 


10 


W 


L 


L 


V 


F 


A 


C 


S 


A 


V 




250 


10 


T 


L 


V 


S 


L 


L 




P 


M 






64 


9 


V 


I 


H 


A 


F 


Q 


Y 


V 


X 




/Aigorithm 


80 


9 


F 


L 


Y 


G 


A 


L 


L 


L 


A 






157 


9 


Y 


A 


L 


T 


V 


V 


W 


L 


L 






163 


9 


V 


L 


L 


V 


F 


A 


C 


S 


A 






234 


9 


Q 


M 


T 


F 


H 


L 


F 


■I 


A 




• ' 'V * ■ • ■ 


.251 


9 


L 


V 


S 


L 


L 


T 


F 


H 


I 






253 


9 


S 


Ii 


L 


T 


F 


H 


'I 


A 


A 






259 


9 


I 


A 


A 


T 


Y 


N 


F 


A 


V 






84 


10 


A 


L 


Ii 


L 


A 


B 


G 


P 


Y 


T 




157 


10 


Y 


A 




T 


V 


V 


W 


h 


L 


V 




165 


10 


L 


V 


F 


A 


c 


S 


A 


V 


P 


V 




218 


10 


K 


V 


C 


G 


s 


N 


L 


L 


S 


I 




253 


10 


S 


L 


L 


T 


F 


U 


I ■ 


A 


A 


T 


















Table 27 


continued 




Human 


Collagen Type IV peptides 












Pos 


AA 


PI 


P2 


P3 


P4 


P5 


P6 


P7 


PS 


P9 


PIO Allele 


Motif 


5 


9 


A 


L 


H 


G 


P 


I. 


G 


L 


L 


A2.1 


(MI)2; (LVI)c 




9 


G 


L 


L 


G 


Q 


I 


G 


P 


L 






23 


9 


G 


M 




G 


Q 


K 


G 


E 


I 






231 


9 


P 


Ii 


G 


Q 


D 


G 


L 


P 


V 






3 


10 


T 


L 


A 


Ii 


M 


G 


P 


L 


G 


L 




24 


10 


M 


L 


G 


Q 


K 


G 


E 


I 


G 


Ii 




59 


10 


P 


L 


G 


K 


D 


G 


P 


P 


G 


V 




139 


10 


P 


L 


G 


L 


P 


G 


A 


S 


G 


L 














Human Collagen Typell peptides 




Pos 


AA 


PI 


P2 


P3 


P4 


P5 


P6 


P7 


P8 


P9 


PIO Allele 


Motif 


794 


9 


G 


L 


A 


G 


Q 


R 


G 


I 


V 


A2.1 


{US) 2 } (LVI)c 


17 


9 


V 


:m 


Q 


G 


P 


M 


G 


P 


H 




Algorithm 
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Table 27 continued 
Hijman GAD peptidee 



Pos 




PI 


P2 


P3 


P4 


P5 


P6 


P7 


P8 


P9 


P 


56 


9 


S 


L 


B 


E 


K 


S 


R 


L 


V 




116 


9 


F 


L 


I. 


E 


V 


V 


D 


I 


. L 




117 


9 


h 




B 


V 


V 


D 


I 


L 


L 




150 


9 


G 


M 


E 


G 


F 


V 


L 


B 


L 




157 


9 




L 


S 


D 


H 


P 


B 


S 


L 




168 


9 


I 


X. 


V . 


D 


C 


R 


D 


T 


L 




190 


9 


Q 


L 


S 


T 


G 


L 


b 


I 


I 




229 


9 


T 


L 


K 


K 


M 


R 


E 


I 


V 




275 


9 


G 


H 


A 


A 


V 


P 


K 


L 


V 




300 


9 


A 


L 


G 


F 


G 


T 


D 


N 


V 




409 


9 


V 


Ii 


L 


Q 


C 


S 


A 


• I 


Ii 




410 


9 


Ii 


h 


Q 


C 


S 


A 


.1 


L 


V 




416 


9 


I 


h 


V 


K 


E 


K 


G 


I 


L 




466 


9 


L 


M 


w 


K 


A 


K 


G 


T 


V 




534 


9 


K 


Ii 


H 


K 


V 


A 


P 


K 


I 




546 


9 


M 


H 


B 


s 


G 


T 


T 


M 


V 




582 


9 


F 


L 


I • 


E 


E 


I 


E 


R 


Ii 




42 


10 


K 


L 


G 


L 


K 


I 


C 


G 


F 


L 


116 


10 


F 


L 


L 


B 


V 


V 


D 


I 


L 


L 


138 


10 


V 


L 


0 


F 


H 


H 


P 


H 


Q 


I. 


147 


10 


Ii 


L 


E 


G 


M 


E 


G 


F 


N 


L 


212 


10 


N 


H 


F 


T 


Y 


B 


I 


A 


P 


V 


275 


10 


G 


M 


A 


A 


V 


P 


K 


L 


V 


L 


300 


10 


A 


L 


G 


F 


G 


T 


D 


N 


V 


I 


328 


10 


I 


L 


E 


A 


K 


Q 


K 


G 


Y 


V 


381 


10 


L 


M 


S 


R 


K 


H 


R 


H 


K 


L 


409 


10 


V 


L 


L 


Q 


C 


S 


A 


I 


I. 


V 


435 


10 


L 


L 


Q 


P 


D 


K 


Q 


Y 


D 


V 


465 


10 


W 


L 


M 


w 


K 


A 


K 


G 


T 


V 


485 


10 


E 


L 


A 


E 


Y 


L 


Y 


A 


K 


I 


545 


10 


L 


M 


M 


E 


S 


G 


T 


T 


H 


V 


252 


9 


G 


A 


I 


S 


N 


M 


Y 


S 


I 




367 


9 


N 


L 


w 


L 


H 


V 


D 


A 


A 




567 


9 


R 


H 


V 


I 


S 


N 


P 


A 


A 




299 


10 


A 


A 


L 


G 


F 


G 


T 


D 


N 


V 


406 


10 


M 


M 


G 


V 


L 


L 


Q 


C 


S 


A 


423 


10 


I 


L 


Q 


G 


C 


H 


Q 




C 


A 



Motif 



A2,l (IM)2; (LVI)C 



A2.1 (Uf)2; (LVDc 



Algorithm 
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Bxasple 14 

Immunoqenicity of HPV peptides in A2 vi tr?n aqrenic mice 
A group of 14 HPV peptides, including 9 potential 
epitopes plus 3 low binding and one non-binding peptides as 
controls was screened for immunogenlcity in HLA:-A2.1 
transgenic mice using the methods described In Rxanqple 10. To 
test the immunogenic potential of the pept4.des, :I^IA A2.1 
transgenic mice were injected with 50 ^g/mouse of each HPV 
peptide together with 140 fig/mouse of helper peptide (HBV core 
128-140 (TPPAYRPPNAPIL) • The peptides were injected in the 
base of the tail in a 1:1 emulsion IFA. Three mice per group 
were used. As a positive control, the HBV polymerase 561-570 
peptide, which induced a strong CTL response In c)revious 
experiments, was utilized. 

Based on these results (Table 28) , four unreiated 
peptides were considered to be the most iirimunogenic: TLGIVCPI 
, LIMJTLGIV, YMLDLQPETT, and TIHDIILECV. TLGIVCPX and 
YMLDLQPETT were found to- be good HIiA-A2.1 binders, while 
LIM5TLGIV and TIHDIILECV were found to be intermediate binders 
in previous binding assays. 
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TABLE 28 

HPV-16 Peptides for possible use in cl in ical trial 



1 Peptide 
1 Position/ 
t Cvtel ID 


Sequence 




A2.1 
binding 


Imnxunogeni ci ty 
Bxperiment 1 


lonminbgeni ci ty 
E3^riment 2 


g A / • Ob/ XvoO « ux 




0 

o 




94 4 (1 341 ^ 


54^2 (1.43) * 


]| £7.oo/10oo «Uo 


liJurXVCIrXC ■ 






? AC 14 QlV 


1 1 M 741 


n.B7 • 85/1088 .08 


GrTLGIVCPI 


Q 


U • w2X 


Q /Afl Z*^ O*)! 




1 £7 .11/1088 .03 


lfM£J!}IiQPB^T 


•XU 


U . X9. 


1A ^ao /I iC^i 


3.'/ 


K7 . 11/1088 • 04 


xlaljDIiQPET 


o 


A 1 A 


Q A it TAl 


^ . D |X3 .31 


a7 • X2/10oa . 09 


tflidJ liQPyi X 










1 Tt£ /l AOO AC 

1 Bo . 52/1088 • 05 


FAFRDlA^XV. . 


o 


A AC*T " 




. - 


is?. 82/1088. 02 




9 


0.024 


9.62 (2.53) 


8.93 (1.91)^ 


E6. 29/1088. 10 


TIHDIIUSCV 


10 


0.021 


22.13 (3.71) 


0-4 (3.52) 


B7. 7/1088. 07 


TmSYMLDL 


9 


0.0070 




1.2 (3.88 


E6. 18/1088. 15 


KLPQLCTEL 


9 


0.0009 




0,3 (5.64) 


B6. 7/1088. 11 


ikUFQDPQSR 


10 


0.0002 




ND 


E6. 26/1088. 12 


ijQTnHDII . 


9 


0.0002 






E7. 73/1088. 13 


HVDIRTLSD 


9 


0 




BD 



25 



* A Lytic Units « getanetric mean x+ SD (3 mice/peptide) 

a dash indicates a Lytic Ukiits vith a geometric mean kO.2 
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Mixtures of aelect^ ed HPV ep if npAp 

A combination of CTL peptides and a helper pepitide 
were tested for the ability to provide an increased imaaihe 
response. The four single peptides were injected separately 
in order to coir5)axe their immunogenicity to injections 
containing only the two good binders or only the two 
intermediate binders . In addition all four peptide were 
injected together. To further evaluate the iinraunbgenicity bf 
a combination of peptides with different binding affinity 
decreases, another control was introduced in this experiment, 
A mixture of the two good binders was injected in a different 
site than the mixture of the two intermediate binders into the 
base of the tail of the same mouse. All groups of CTL 
epitopes were injected together with the HBVc helper epitope, 
with the exception of two groups in vrtiich all four HPV 
coinjected with two different doses of a PADRE helper peptide 
(aKXVAAWTLKAAa, where a is d-alanine and X is 
cyclohexylalanine) either l^g or 0.05/ig per mouse. 

All four peptides induced a strong CTL response >rtien 
injected alone and tested using target cells labeled with the 
appropriate peptide (Table 29) . TLGIVCPI proved to be the 
strongest epitope, an observation confirming the results 
described above. When mixtures of all four peptides were 
injected and the responses were stimulated in vitro and tested 
with target cells pulsed with each single peptide, all 
ccMribinations showed a strong CTL response. No significant 
difference was observed when the two helper epitopes were 
conpared. This might in part be due to the fact that the 
highest dose of PADRE used in this experiment was 140 -fold 
lower than the one for the HBV helper peptide. 

Injection of mixtures of the two good binders 
together or the two intermediate binders resulted in a very 
low CTL response in both cases even though the single peptides 
were highly effective. These results, however, are due to a 
very low niHnber of cell recovery after splenocyte culture of 6 
days and are therefore regarded as preliminary. 
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TABLE 29 

HPV Peptides single and in combinations 



Peptide/s injected 


Peptides in restimulation and. cix assay 

1088.01 iuoB.v* xuoo.uj xvoo.xv 


same as in vitro 


116,1 (3.49)* 55.98 (2.49) 5.56 (1.75) 16,4 (1^49) 


1088,01 + 
1088.03 + 
875.23 


1.37 (16.56) 0 (0) 


1088.02 -1- 
1088.10 -1- 
• 875.23 


1.11 (2.9) 1.62 (13,1) 


1088. 01/. 03 + 
1088. 02/. 10 + 
875.23 




1088. all 
+ 

875.23 


107,9 (4.77) 13.52 (1.4) 2.58 (5,07) 102.3 (1.32) 


1088. all 
+ 

PADRE 1 


73.11 (4.48) 16,83 (2,54) 3,55 (2;9) 20.13 (l.OS) 


1088. all 
+ 

PiU}RB 0.05 itg 


37,15 (2,25) 26,79(2,09) 6,5 (1.64) 4.45 (4.14) 



10 



15 



20 



25 



30 



35 



40 



* A Lytic Itoits 30% geonaetric mean (+x deviation) 

Peptides were dissolved in 50%DMSO/H2O to reach a stock concentration of 
20mg/inl and were further dissolved in sterile PBS. For subcutaneous 
injection in the base of the tail of A2.1 transgenic mice, the peptide 
solution was niixed 1:1 with IFA. the injected amount of HPV-CTL peptides 
was 50 /ig/mouae coinjected with 140 /ig/mouse of the HBVcore peptide 875.23 
or the indicated dose of PADRB (3 mice/group) . Spleens were removed on 
day 11 and splenocytes were restimulated in vitro with irradiated US- 
Blasts pulsed with the indicated HPV-CTL epitopes at ifig/ml. After six 
days, the cytotoxic assay was performed using Jurlcat JA2Kb cells (A) or 
MBB17 (B) as target cells labelled with 5lCr in the presence or absence of 
the appropriate HPV epitope peptides. 
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The above exanples are provided to illustrate the 
invention but not to limit its scoipe- Other variants of = the 
invention will be readily apparent to one of ordinary skill in 
the art and are encoa?)assed by the appended claims. All. 
publications, patents, and patent applications cited herein 
are hereby incorporated by reference. 
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H 












1.0841 


XLSPFZiPLX. 


9 


HBV 


adr 


BNV 


371 




1.0240 


TLQDIVLHL 


9 


HPV 


18 


E7 




0.76 


1.0836 


HLSLLVPFV 


9 


HBV 


adr 


BRV 


335 


0.72 


1.0851 


FLLSI/3IHL 


9 


HBV 


adr 


POL 


1147 


0.52 


1.0306 


QLFKDNYAL 


9 


C-BRB2 






106 
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1,0814 


MIVTVYYGV 


9 


HIV 




ENV 


2182 


0.44 


1.0878 


HSlfi^FWGPSL 


9 


HBV 


adw 


BNV 


360 


0.41 


1.0839 


HMHYKGPSL 


9 


HBV 


adr 


ENV 


360 


0.41 


1.0384 


FLTKQYIiNL 


9 


HBV 


adw 


POL 


1279 


0.29 


1.0321 


lUiKGAYSL 


9 


C-ERB2 






435 


0.21 


1.0834 


IiLLCLIFUi 


9 


HBV 


adr 


BNV 


250 


0.19 


1.0167 


GLYSSTVFV 


9 


HBV 


adr 


POL 


635 


0.15 


1.0849 


HIiYSHPIIL 


9 


HBV 


adr 


POL 


1076 


0.13 


1.0275 


RMPBAAPPV 


9 


pS3 






65 


0.12 


1.0854 




9 


HPV 


16 


E7 


82 


0.11 


1.0880 


ILSPFUPXJi 


9 


HBV 


adv 


ENV 


371 


0.11 


1.0127 


YLVAYQATV 


9 


HCV 




LORF 


1585 


0,11 


1.0151 


VLU>YQGML 


9 


HBV 


adr 


ENV 


259 


0,11 


1.0018 


VLAEAMSQV 


9 


HIV 




GAG 


367 


0.11 


1.0330 


RLLQBTBLV 


9 


C-ERB2 






689 


0.091 


1-0209 


SLYAVSPSV 


9 


HBV 


adr 


POL 


1388 


0.078 


1.0816 


DI^SSYIPLV 


9 


HCV 




CORE 


132 


0.055 


1.0835 


LLCXIFU-V 


9 


HBV 


adr 


ENV 


251 


0.049 


1.0852 


FLCQQYiaL 


9 


HBV 


adr 


POL 


1250 


0.048 
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1.0882 


KLYVSUfLL 


9 


HBV 


adv 


POL 
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0 .046 
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OfLPVCPLL 


9 


HBV 


adr 


■ BNV 
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0.046 


1.0819 


iiiPCSFrn* 


9 


HCV 




MSl/BB^ 


676 


0.045 


1.0109 


ALSTGLiHL 


9 


HCV 




NS1/ENV2 


686 


0.042 


1.0833 


ILLLdilFL 


9 


HBV 


adr 


BKV 


249 


0.035 


1.0301 


HLYQGOQW 


9 


C-ERB2 


■ ^ 




48 


0-034 


1.0337 


CLTSTVQLV 


9 


.C-ERB2 


- " . . " ; 




■- 7^^ 


0.034 


1.0842 


PXiLPIFPCIi 


9 


HBV 


adr 


BNV 


377 


0.031 


1.0861 


ALCRWQLLL 


9 


C-BRB2 






-5 -.. 


0.031 


1.0309 


VLIQRNPQL 


9 


c-EItB2 






153 


0.029 


1.0828 


VLQAGFFLI. 


9 


HBV 


adr 


EKV 


177 


0.024 


1.0844 


LLWFHISCL 


9 


HBV 


adr 


CORE 


490 


0.024 


1-0135 


ILAGYGAGV 


9 


HCV 




LORP 


1851 


0.024 


1-0870 


QUSPXGCLL 


9 


C-ERB2 






799 


0.023 


1.0075 


LLWKGEGAV 


9 


HIV 




POL 


1496 


0.023 


1.0873 


FLGGTPVCIt 


9 


HBV 


adw 


ENV 


204 


0.021 


1.0323 


ALIHHRTHL 


9 


C-ESB2 






466 


0.021 


1.0859 


VLVHPQWVL 


9 


PSA 






49 


0.020 


1.0267 


iCLQCVDUIV 


9 


PSA 






166 


0.019 


1.0820 


VIiPCSFTTL 


9 


HCV 




NSX/BNV2 


676 


0.017 


1.0111 


HUIQNIVDV 


9 


HCV 




NS1/BNV2 


693 


0.016 


1.0103 


SMVGNWAKV 


9 


HCV 




KNVl 


364 


0.016 


1.0283 


IiLGRNSFBV 


9 


p53 






264 


0.014 


1.0207 


GIiYRPLLSL 


9 


HBV 


adr 


POL 


1370 


0.014 
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1 1.0005 


j TUilAWVkVZ 


j 9 


j HIV 




1 GAG 
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j 0.<)0^2 J 


I 1.0183 




1 ^ 


1 HBV 


1 adr 


1 POh 


1 


1 0.0025 1 


1 1.0359 


1 QI^RKPTPL 


j 9 


1 HBV 


1 adw 


J . B^ 


1 -^^ 


j 0,OQ25 1 


J 1.0150 


j SIJ}SWWTSL 


j 9 


1 HBV 


1 adr 


I BHV 
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1 0.0023 1 


1 1.0362 


j ILSKTGDPV 


1 ^ 


j HBV 


1 adw 


j KRV 


J 153 


1 0.0021 1 


1 1 . 0866 


J XLLVWZ/jV 


9 


j C-EKB2 j 






j 661 


1 0.0020 1 


1 1.0214 


j ItLHKRTLGL 


1 ^ 


I HBV j 


adr 


1 :«x" /:[ 


J 1510 


1 0.0019 1 


1 1.0216 


1 CLFKDWEEL | 


9 


1 HBV j 


adr j 


"X". ■• 


j 1533 


1 0.0019 j 


j 1.0862 


1 GLGISWI/3L 1 


9 


1 C-ERB2 1 






1 ^47 


J 0.0018 J 


j 1.0187 


1 HLLVGSS6I. j 


9 j 


1 HBV 1 


adr j 


POL 


1 1020 


j 0.0018 { 


I 1.0318 


1 TLESITGhTL | 


9 j 


C-ERB2 1 






1 402 


j 0.0018 1 


1 1.0328 


j PLTSXISAV 1 


9 1 


C-BRB2 1 






1 650 


1 0.0015 1 


1 1.0822 


j LLGCIITSL 1 


9 j 


HCV j 




LORF 


1 1039 


1 0.0015 1 


J 1-0277 


1 MASOQSFCQh j 


9 j 


p53 1 






1 129 


1 0.0013 1 


1 1.0066 


1 HIiEGKIILV 1 


9 1 


HIV j 




POL 


1 1322 


1 0.0010 j 


1 1.0308 


j QIiRSLTBIXi 1 


9 I 


G-BRB2 j 






1 1 


1 0.0008 1 


1 1.0115 


1 DLAVAVEPV 1 


9 1 


HCV j 




LORF 


1 966 1 


1 0.0008 I 


1 1.0^91 


1 VLHKRTIiGL 1 


9 


HBV j 


adw j 




1 1539 j 


0.0007 1 


I 1.0876 


FLCILLLCL j 


9 1 


HBV j 


adw ] 


EtTV 


1 246 1 


0.0007 j 


j 1.0148 j 


IJiDPRVRGL 1 


9 j 


HBV 1 


adr 1 


iSMV 


1 1 


0.0006 1 


1 1.0221 1 


KliPQLCTBL 1 


9 1 


HPV j 


16 1 


E6 j 


1 18 1 


0.0006 1 


1 1.0065 i 


HLKGKVILV j 


9 1 


HIV j 




POL j 


1 1322 1 


0.0006 1 


J 1.0017 1 


KMMTACQGV j 


9 j 


HIV j 




GAG 1 


350 1 


0.0006 1 


1 1.0055 1 


HLALQDSGL 1 


9 1 


HIV j 




POL 1 


1178 I 


0.0005 1 
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9 


HBV 
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POL 
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9 


HCV 




iORF 


: 3.610 


0.0004 
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CLGLSYDGL 


9 
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1/3 
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0.0004 


1.0212 


HLSLRGXiPV 


9 


HBV 


adr 


. "X" 


1470 


0.0004 


1,0247 


ILESLFRAV 


9 


HAGS 


1 




93 


0.0004 


1.0092 


TLTCGFADL 


9 


HCV 




CORE 


125 


0.0003 


1.0108 


TLPAIiSTGL 


9 


HCV 




II51/ENV2 
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0.0003 


1.0294 


ALAIPQCRL 


9 


BBioa 






S25 


0.0003 


1.0101 


DLC3GSVFI.V 


9 


HCV 




EHVl 


280 


0.0003 


1.0231 


RLCVQSTHV 


9 


HPV 


16 


E7 


66 


0.0003 


1.0162 


UiDOBAGPIi 


9 


HBV 


adr 


POL 


587 


0.0002 


1.0829 




9 


HBV 


adr 


EHV 


239 


0.0002 


1 . Ul2o 


GLFVCQDHL 


9 


HCV 




LORF ' 


1547 


0.0001 


1. • Qxo3 


FlaSEBIiPRIj 


9 


HBV 


adr 


POL 


594 


0.0001 




* OT T VDTymTr 

JtIjXi X KlAjAV 


Q 


tiuv 






lo23 


0.0001 


X • vuik« 


PT Jk mjDO T T - 


Q 


XlX V 




FUii 


997 


0 


X . vw34 


ISl^i\±fliinXi 


Q 


nxV 




rOIj 


1173 


0 


1.0089 


LIPRRGPRL 


9 


HCV 




CORE 


36 


n 

V 


1.0091 


NLGKVXDTL 


9 


HCV 




CORE 


118 


0 


1.0093 


PLGGAARAL 


9 


HCV 




CORE 


143 


0 


1.0154 


DLLDTASAL 


9 


HBV 


adr 


CORE 


419 


0 


1.0178 


QLKQSRIX3L 


9 


HBV 


adr 


POL 


791 


0 
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X.0179 



GLQPQQ6SL 



HBV 



adr 



POL 
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adw 



POL 



781 <0.0002 



1.0390 PLPGPLGAL I 9 
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9 
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16 


E7 
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9 


MAGE 
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15 
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9 
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193 
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1.0282 


TLEDSSGNL 


9 
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256 
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BLRHYSDSV 


9 
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18 


E6 


77 
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1.0268 


DLHVISHDV 


9 
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<0.0003 


1.0836 


CLIFIXVIJi 


9 


HBV 
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10 



HCV 



LORF 



1807 



3.5 
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HBV 
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1.0884 I IiLALXjSCLTV 
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HCV 
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adr 
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10 
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348 
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10 
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10 
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0.0020 


1.0582 


KLLSKRTUSL 


10 


HBV 


adr 


•X' 


1509 


0.0019 


1-0713 


GJ/31SESXMEV 


10 


C-BRB2 






344 


0,0017 


1.0742 


GMSYLKDVRL 


10 


C-BRB2 






832 


0.0017 


1.0549 


NLLSSKLSWL 


10 


HBV 


adr 


POL 


991 


0.0016 


1.0465 


QLTVWGIKQL 


10 


HIV 




omr 
BMV 


2760 


A AAn C 

0 , 0015 


1.0524 


VLKYIjVSFQV 


10 


HBV 


acur 






A AA1 C 


1.0483 


VIiNPSVAATL 


10 


HCV 








A A A1 C 
U . UUX3 


1.0548 


SI/rNLLSSNL 


10 


HBV 


adr 






A AAI A 

U . UUX4 




AuJLiUc'KVMall 




HBV 


adr 


BKV 


119 

A X ^ 


A 0011 


1,0676 


TLEDSSGMLL 


10 


pS3 






256 


0.0011 


1,0719 


TLQGLGISHL 


10 


C-BRB2 






444 


O.pOll 


1.0627 


DI.RAFQQLFL 


10 


HPV 


18 


E7 


82 


0.0010 


i.0725 


VLQGLPREYV 


10 


C-BRB2 






546 


0.0009 
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1.0918 


DLPPWFPPMV 


10 


EBNAl 






(505 


^•0009 


1.0499 


DLSDGSWSTV 


10 


HCV 




U)RF 


2399 


0.0008 


1.0559 


CLAFSYHDDV 


10 


HBV 


adr 


POL 


1118 


<),0p08 


1.0632 


PLVI/jTI^EV 


10 


hage 


1 




37 


0.0008 


1.0520 


NLiATWVGSNli 


10 


HBV 


adr 


ocm 


457 


O.OO08 


1 . 0400 


KTJ/POTGCTL 


10 


HIV 




VOL 


684 


0.0007 


A • woo 


OT/TH T DAHPIj 


10 


HCV 




LORF 


1564 


0.0007 


1 a U i^S 


VXAVdutnf V 


1 A 


C-BRB2 






725. 


0.0007 


1 • Uv J4 


AT.TIf lit If If \7VT . 




HIV 




POL 


1219 


0.0006 


1 . 0451 


lUjIiWiUjISutAV 


1 A 


HTV 
nx V 




POL 


1495 


0 • 0006 


1 . \3% /U 




Xv 






BNVl 


364 


0.0006 


X • U3 /U 


VTT TrppnMQW 
isjjXIj X vno V V 


1 A 
xu 


HBV 


adir 


POL 


1317 


0.0006 






10 


C-BRB2 






661 


0.0006 


1.0397 


LU)TGADDTV 


10 


HIV 




POL 


619 


0.0005 


1.0446 


HUCTAVQMAV 


10 


HIV 




POL 


1426 


0.0005 


1.0604 


DUJUQTLGIV 


10 


HPV 


16 


E7 


81 


0.0005 


1.0443 


LLKLA6RWPV 


10 


HIV 




POL 


1356 


0.0004 


1.0461 


DUlVTVyYGV 


10 


HIV 




ENV 


2181 


0.0004 


1-0619 


TLEKLTRTGL 


10 


HPV 


18 


E6 


89 


0.0004 


1.0787 


SLTNLLSSDL 


10 


HBV 


adv 


POL 


1017 


0.0004 


1.0521 


m<EDPASREL 


10 


HBV 


adr 


CX)RE 


465 


0.0003 


1.0583 


GIiSAMSTTDL 


10 


HBV 


adr 


'X' 


1517 


0.0003 


1.0652 


VLVASRGRAV 


10 


PSA 






36 


0.0003 


1.0716 


DLSVFQKLQfV 


10 


C-ERB2 






421 


0.0003 
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1.0723 


QIiFRNPHQAL 


xu 








4)84 • 


0> 0003 


1.0727 


PLTSIISAW 


10 








650 


0.0003 


1.0479 


VT WSC C/SADTJ 
X laKuio aiiiilr li 


1 A 






.LORP 


1160 


0.0062 


1 . Q«7 / 


AT tsf^ocpniv 

^XiUr wtt Ir&Ir V 


10 


HCV 




liORF 


2159 


0.0002 


1 • Ud^ J 




10 


HBV 


a.dr 


CORE 


497 


p .0002 


X .060 J 




1 ft 


HFV 


16 


B7 


78 


0.0002 


1.0631 


SltfiCKPEEAL 


10 


ISA17JS 






' ' 7 • 


0;0002 


1.0680 


EMFRELNBAL 


10 


p53 








ft ftftft2 


1,0689 


VLKDAIKDLV 


10 


EBHAl 






3/4 * 




1.0757 


DLVDAEEYX.V 


10 


C-ERB2 








ft ftftft^ 


1-0796 


RMRGTFVSPL 


10 


KBV 




IrVlii 


XjX / 




1.0669 


QLAKTCPVQL 


10 


p53 






X J 0 


0.0001 


1,0717 


NLQVIRGRIL 


10 


C-BRB2 






427 


0.0001 


1.0721 


WLGLRSIiRKIi 


10 


C-ERB2 








o.obol 


1.0522 


KMGLKlRQXiL 


10 


noV 




CORE 


482 


0 


1.0527 


PLSYQHFRKIj 


10 


KdV 




POL 


576 


0 


1.0529 


EIiFRIiADEQIj 


10 


uov 




POL 


598 


0 


1.0531 


GlfflKKVAKUIi 




msv 


adr 


POL 


606 


0 


1. 03JD 


DT I'VIIJ Ulf DDT. 


1 ft 


HBV 


adr 


POL 


672 


0 


1.0539 


IMPARPyPHL 


10 


HBV 


adr 


POL 


684 


0 


1.0550 


PXiHPAAMPHL 


10 


HBV 


adr 


POL 


1012 


0 


1.0552 


piilDSCSRNL 


10 


HBV 


adr 


POL 


1051 


0 


1.0555 


LLYKTFGRKL 


10 


HBV 


adr. 


POL 


1066 


0 


1.0557 


PMSVGLSPFL 


10 


HBV 


adr 


POL 


1090 


0 
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^^^^^^^ 














1.0560 


VliGAKSVQHL 


10 


HBV 


adr 


POL 


1128 


0 


1.0569 


PLPIHTAELL 


10 


HBV 


adr 


POL 


1296 


0 


1.0579 


PLPSLAFSAV 


10 


HBV 


adr 


'X' 


1454 


0 


1.0585 


DLEAVFKDCL 


10 


HBV 


adr 


•X« 


1525 


0 


1.0587 


ELGEEXRIiKV 


10 


HBV 


adr 


'X« 


1540 


0 


1.0589 


VLGGCRHKLV 


10 


HBV 


adr 


•X« 


1551 


0 


1.0597 


TLEQQYNKPL 


10 


HPV 


16 


B6 


94 


0 


1.0608 


DLCTEXiNTSL 


10 


HPV 


18 


E6 


16 


0 


1.0616 


RliQRRRETQV 


10 


HPV 


18 


E6 


49 


0 


1.0621 


HIiEPQNBIPV 


10 


HPV 


18 


E7 


14 


0 


1.0639 


IiLKYRAREPV 


10 


KAGE 


1/3 




114 


0 


1.0643 


CLGLSYDGIiL 


10 


MAGE 


1/3 




174 


0 


1.0657 


DMSLIiKNRFL 


10 


PSA 






98 


0 


1.0658 


LLRLSEPAEI^ 


10 


PSA 






119 


0 


1.0663 


PliSQETFSDL 


10 


p53 






13 


0 


1.0664 


PLPSQAMDDL 


10 


p53 






34 


0 


1,0690 


ELAALCRWGL 


10 


c-EnB2 






2 


0 


1,0692 


RLPASPETHL 


10 


C-ERB2 






34 


0 


1.0699 


RLRIVRGTQL 


10 


C-ERB2 






98 


0 


1.0701 


GLRELQLRSL 


10 


C-ERB2 






136 


0 


1.0730 


QMRIIiKETEL 


10 


C-ERB2 






711 


0 


1.0732 


ILKETELRKV 


10 


C-ERB2 






714 


0 


1.0754 


PLDSTFYRSL 


10 


C-ERB2 






999 


0 


1.0755 


LLEDDDMGDL 


10 


C-ERB2 






1008 


0 
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X . u /so 




10 


C-BRB2 






i689 1 




1 . u7ol 


DT.D Q ifrnrrw 

Jrulrd& liAj X V 


10 


C-BRB2 






1119 


o 






10 


C-ERB2 






1172 


:-;^p ;--:V 


X • U /09 




10 


HBV 


adw 


An V 


119 


0 


1*. 0768 


NMSNTASGLL 


10 


HBV 


adw 




163 


0 






10 


HBV 


adv 


POL 


627 


0 


x«U7/b 


UXlEUvIr V^UU/Xl 


10 


HBV 


adw 


POL 


635 


0 


1.0777 


PItTVNENRRL 


n in 
xU 


tmv 
nov 




POL 


701 


0 


1,0790 


LLYKTYGRKL 


10 


nBV 


adw 


POL 


. 1095 


0 


1.0801 


GLSAMSPTDL 


10 


tlDV 


adw 


"X" 


1546 


0 


1 .0802 


DXtBAYFKDCV 


1 A 
XU 


OO V 


adw 


"X" 


1554 


0 


1.0803 


fw«T />r\TiP t/P^T 

TliQUFKVKuXi 


XU 


HBV 
no V 


avw 


ENV 


119 


0 


X .0oU4 


fiUUUMX Xd\jr JJ 


10 


HBV 


avw 


EENV 


163 


0 


1 . 0O7X 


UXi VElXujtr AX JJ 


1 0 


HCV 




liORF 


1878 


0 


X . U4il4 


PT .TERICT K2^ 


10 


HTV 




POXi 


720 


<0.0002 


X « 




10 


HIV 




FUXi 


786 


<0.0002 


X . JLX 


nTJCKKIC55VTV 

* T V A w 


10 


HIV 




DOT. 


794 


<0.0002 




PIWKOPAKLL 

IT -A n *^ ******** 


10 


HIV 




DOT. 


1488 


<0.0002 


1 . 0476 


DLAVAVEPW 


10 


HCV 




liORF 


966 


<0.0002 


1.0478 


SLTGRDKNQV 


10 


HCV 




LORF 


1046 


<0.0002 


1.0490 


piiEVVTSTWV 


10 


HCV 




LORF 


1652 


<0.0002 


1.0494 


GLGKVLIDIL 


10 


HCV 




MRF 


1843 


<0.0002 


1.0505 


VLTTSCGNTL 


10 


HCV 




LORF 


2704 


<0.0002 


1.0506 


ELITSCSSNV 


10 


HCV 




LORF 


2781 


<0.0002 
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1 






1.0510 


CLRKLGVPPL 


10 


HCV 




LORF 


2908 : 


<b.oob2 


1.0511 


PLGFFPDHQL 


10 


HBV 


adr 


ENV 


10 


<0.0002 


1.0514 


NMBHTTSGFL 


10 


HBV 


adr 


BNV 


163 


<0.00P2 
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: i^ypendix III 
PLP 8-iners 



Source 


Peptide 


Mi 


1 


2 


3 


4 


5 


6 


7 


8 


Al^TOirxthm 
Score 
(E02} 


Hu PLP 


10 


8 


C 


L 


V 


G 


A 


P 


F 


A 




Hu PZ.P 


13 


8 


G 


A 


P 


F 


A 


S 


L 


V 




Hu PXiP 


23 


8 


G 


L 


c 


F 


F 


G 


V 


A 




Hu PLP 


39 


8 


A 


L 


T 


G 


T 


E 


K 


L 




Hu PLP 


40 


8 


L 


T 


G 


T 


E 


K 


L 


I • 




Hu PLP 


60 


8 


Y 


L 


I 


N 


V 


I 


H 


A 




Ms PLP 


64 


8 


V 


I 


H 


A 


F 


Q 


C 


V 




Hu PLP 


64 


8 


V 


I 


H 


A 


F 


Q 


Y 


V 




Hu PLP 


74 


8 


G 


T 


A 


S 


F 


F 


F 


L 




Hu PLP 


80 


8 


P 


L 


Y 


G 


A 


L 


L 


L 


• 


Hu PLP 


93 


8 


T 


T 


G 


A 


V 


R 


Q 


I 




Hu PLP 


106 


8 


T 


T 


I 


C 


G 


K 


G 


L 




Hu PLP 


131 


8 


Q 


A 


H 


S 


L 


E 


R 


V 




Hu PLP 


152 


8 


F 


V 


G 


I 


T 


Y 


A 


L 




Hu PLP 


154 


8 


G 


I 


T 


Y 


A 


L 


T 


V 




Hu PLP 


155 


8 


I 


T 


Y 


A 


L 


T 


V 


V 




Hu PLP 


157 


8 


Y 


A 


L 


T 


V 


V 


W 


L 




Hu PLP 


158 


8 


A 


L 


T 


V 


V 


W 


L 


L 




Hu PLP 


159 


8 


L 


T 


V 


V 


W 


L 


L 


V 




Hu PLP 


164 


8 


L 


L 


V 


F 


A 


C 


S 


A 




Hu PLP 


165 


8 


L 


V 


F 


A 


C 


S 


A 


V 




Hu PLP 


167 


8 


F 


A 


C 


S 


A 


V 


P 


V 




Hu PLP 


199 


8 


S 


L 


C 


A 


D 


A 


R 


M 




Hu PLP 


203 


8 


D 


A 


R 


U 


Y 


G 


V 


L 




Hu PLP 


212 


8 


W 


I 


A 


F 


P 


G 


K 


V 




Hu PLP 


218 


8 


K 


V 


C 


G 


S 


N 


L 


L 




Hu PLP 


224 


8 


L 


L 


s 


I 


C 


K 


T 


A 




Hu PLP 


234 


8 


Q 


M 


T 


F 


H 


L 


F 


I 




Hu PLP 


238 


8 


H 


L 


F 


I 


A 


A 


F 


V 




Hu PLP 


244 


8 


F 


V 


G 


A 


A 


A 


T 


L 




Hu PLP 


247 1 8 


A 


A 


A 


T 


L 


V 


S 


L 
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. " : ' J^spendix III 
PLP 8-mers 




Source 


Peptide 


AA 


1 


2 


3 


4 


5 


6 


7 


8 


Algoritten | 
Score • . 1 
(E02) , 


Hu PLP 


248 


8 


A 


A 


T 


L 


V 


S 


L 


L 




Uu PIJ» 


253 


8 


S 


L 


L 


T 


F 


M 


■ I 






Hu PLP 


254 


8 


L 


L 


T 


F 


M 


i 


A 


■ A- 




Hu PLP 


260 


8 


A 


A 


T 


Y 


N 


F 


A 


V 




Hu PLP 


261 


8 


A 


T 


y 


N 


F 


A 


V 


L 
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. MBP 8 -mere 




Source 


Peptide 


AA 


1 


2 


3 


4 


5 


6 


7 


8 


Algorithin ; 

- Owux-ts 

(E02) 


Hu ifflP 


14 


8 


Y 


L 


A 


T 


■A 


■'s": 


T 


M 




Hu HBP 


34 


8 


D 


T 


6 


I 


L 


D 


S 


I 




Hu HBP 


65 


8 


R 


T 


A 


H 


Y 


G 


S 


L : 




Hs HBP 


70 


8 


H 


A 


R 


S 


R 


P 


G 






Hu HBP 


79 


8 


R 


T 


Q 


D 


E 


N 


P 


V 




Hu HBP 


86 


8 


V 


V 


H 


F 


F 


K 


N 


.1 




Ms HBP 


87 


8 


R 


T 


T 


H 


Y 


G 


S 


L 




Hu HBP 


143 


8 


G 


V 


D 


A 


Q 


G 


T 


L 




Hu HBP 


149 


8 


T 


L 


S 


K 


•I 


F 


K 


li 
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1 PI.P S 


lix III 
I -iners 




Source 


Peptide 


iUV 


1 


2 


3 


4 


5 


6 


7 


- 

8 


9 


Algorithm n 
. Score ' 1 
(E02) :M 


Hu PLP 


163 


9 


W 


L 


L 


V 


P 


A 


C 


S 


■A- 


\;:'-i8,'^7'i' 


Hu PLP 


205 


9 


R 


M 


Y 


0 


V 


L 


P 


w 


i :.- 


• -'-18,79 'V;: 


Hu PLP 


145 


9 


W 


L 


O 


H 


P 


O 


K 


F 


V 


-19.05 . 


Hu PLP 


253 


9 


s 


L 


L 


T 


F 


M 


I 


A 


A 


rl9.07 


Hu PLP 


251 


9 


L 


V 


S 


L 


L 


T 


F 


H 


-I ■ 


-20.03 


Hu PLP 


25fl 


^- 


M 


I 






T 


Y 


N 


F 


A 


,-^20. 32 


fill PI.P 


O w 




p 


L 


Y 


G 


A 


L 


L 




A 


: -20,53 










n 


Y 


G 


V 


I, 


P 


H 


N 


-^0.69 • 






O 


V 


J 


{{ 




p 


o 


y 


V 


I 


-20,71 


YTii PT.P 




q 




T- 


c 


p 


p 


G 


V 


A 


L 


-21.23 


HB PLP 


23 


9 






c 


P 


p 


G 


V 


A 


L 


-21^23 


Ms PLP 


179 






T 


w 


T 


T 


c 


Q 


S 


I 


-21.24 


Hu PLP 


233 


9 


F 


o 


M 


T 


p 


H 


L 


F 


I • 


-21.25 


Hu PLP 


234 


9 


o 


M 


T 


F 


H 


L 


F 


I 


A 


-21.29 


Hu PLP 


259 


9 


I 


A 


A 


T 


Y 


N 


F 


A 


V 


-21.32 


Hu PLP 


157 


9 


Y 


A 


L 


T 


V 


V 


W 


L 


L 


-21,51 


Hu PLP 


76 


9 


A 


S 


F 


F 


F 


L 


Y 


G 


A 


-21.52 


Hu PLP 


158 


9 


A 


L 


T 


V 


V 


W 


L 


L 


V 


-21-56 


Hu PLP 


252 


9 


V 


S 


L 


L 


T 


F 


M 


I 


A 


-21,58 


Hu PLP 


237 


9 


F 


H 


L 


F 


I 


A 


A 


F 


V 


-21.61 


Ms PLP 


206 


9 


G 


V 


L 


P 


W 


N 


A 


F 


P 


-21,61 


Hu PLP 


164 


9 


L 


L 


V 


F 


A 


C 


S 


A 


V 


-21.81 


Hu PLP 


78 


9 


F 


F 


F 


L 


Y 


G 


A 


L 


L 


-22.05 


Hu PLP 


250 


9 


T 


L 


V 


S 


L 


L 


T 


F 


M 


-22,10 


Hu PLP 


208 


9 


6 


V 


L 


P 


W 


I 


A 


F 


P 


-22,10 


Hu PLP 


39 


9 


A 


L 


T 


G 


T 


E 


K 


L 


I 


-22,13 


Hu PLP 


240 


9 


F 


I 


A 


A 


F 


V 


G 


A 


A 


-22,19 


Hu PLP 


235 


9 


M 


T 


F 


H 


L 


F 


I 


A 


A 


-22.22 


Hu PLP 


244 


9 


P 


V 


G 


A 


A 


A 


T 


L 


V 


-22.22 


Ms PLP 


64 


9 


V 


I 


H 


A 


F 


Q 


C 


V 


I 


-22.33 
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i^jpendix III 
PLP 9-mers 



1 Source 


Peptide 




1 


2 


3 


4 


5 


6 


7 


8 


9 


Algorithm 
Score 
(B02) 


Hu FLP 


12 


9 


V 


6 


A 


P 


F 


A 


S 


L 


V 


-22.36 


Hu PIf 


45 


9 


K 


L 


I 


E 


T 


Y 


F 


S 


K 


-22,42 


Hu PIiP 


30 


9 


A 


L 


F 


C 


G 


C 


6 


H 


S 


-22.46 


Hu FLP 


9 


9 


R 


C 


L 


V 


G 


A 


P 


F 


A 


-22.52 


Hu PLP 


169 


9 


F 


P 


S 


K 


T 


S 


A 


S 


I 


-22.54 


Hu PLP 


71 


9 


V 


I 


Y 


G 


T 


A 


S 


F 


F 


-22.60 


Hu PLP 


73 


9 


y 


G 


T 


A 


S 


F 


F 


F 


L 


-22.63 


Hu PLP 


11 


9 


L 


V 


G 


A 


P 


F 


A 


S 


L 


-22.64 


Hu PLP 


86 


9 


L 


L 


A 


B 


G 


F 


Y 


T 


T 


-22.65 


Ms PLP 


63 


9 


H 


V 


I 


H 


A 


F 


Q 


C 


V 


-22.65 


Hu PLP 


212 


9 


W 


I 


A 


F 


P 


G 


K 


V 


C 


-22167 


Hu PLP 


223 


9 


N 


L 


L 


S 


I 


C 


K 


T 


A 


-22.68 


Hu PLP 


199 


9 


S 


L 


C 


A 


D 


A 


R 


M 


Y 


-22.71 


Hu PLP 


179 


9 


N 


T 


w 


T 


T 


C 


D 


S 


I 


-22.73 


Hu PLP 


201 


9 


C 


A 


D 


A 


R 


u 


Y 


G 


V 


-22.74 


Hu PLP 


112 


9 


G 


L 


S 


A 


T 


V 


T 


G 


G 


-22,78 


Hu PLP 


161 


9 


V 


V 


w 


L 


L 


V 


F 


A 


C 


-22.78 


Hu PLP 


175 


9 


Y 


I 


Y 


F 


N 


T 


W 


T 


T 


-22.81 
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Appendix III 
PLP 9-mers 



Source ( Peptide | AA 



8 



Algorithm 
Score 
(E02) 



Hu PLP 



Hu PliP 



56 



N 



241 



V 

A I A 



-22.84 



-22.87 



Hu PIiP 
Hu- PIiP 
Hu PM 
Hu PLP 
Hu PLP 
Hu PLP 
Hu PLP 
Hu PLP 
Hu PLP 
Hu PLP 
Hu PLP 
Hu PLP 
Hu PLP 
Hu PLP 
Hu PLP 
Hu PLP 
Hu PLP 
Hu PLP 
Hu PLP 
Hu PLP 
Hu PLP 
Hu PLP 
Hu PLP 
Hu PLP 
Hu PLP 
Hu PLP 
Hu PLP 
Hu PLP 
Hu PLP I 



154 
257 
196 
18 
261 
171 
70 
22 
134 
16 
74 
79 

246 

181 
28 

247 

219 

160 

54 

107 

166 



167 
260 
152 
187 
63 
60 
85 



F M 



H 



H 



N 



N F 



-22.89 

-22.89 

-22.90 

'22.91 

-23.00 

-23.05 

-23.11 

-23.12 

-23.16 

■23.20 

-23.20 

-23.24 

-23.26 

-23.27 

-23.31 

-23.31 

-23.33 

-23.40 

-23.43 

'23.45 

-23.53 

-23.57 

-23.60 

-23.61 

-23.63 

-23.64 

-23.65 

-23.66 

-23.66 
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PLP 5 


iix 0 


EII 
CB 












Peptide 




1 


2 


3 


.4 


5 


6 




a 
o 




Algoritfam 
Score 


■ Mm dt n 






«J 


p 

Mr- 


H 


N 






P 


G 


K 


-23.66 1 


VX«« DT n 

HU PliF .- 


1 QQ 




yj 


C 


I, 


C 




0 


A 


R 


M 


. -^23 .67 . H 


Hu PXiP 


*> A 

20 


A 
7 


■XT 

V 






G 


T. 




P 


P 


G 


-23,71 11 


Hu PIiP 


263 


9 


Jf 


Iff 
« 


r. 


A 


V 


T, 

iu 


K 


L 


H 


-23 ,71 


Ms PliP . 


209 




V 




n 
f 


W 


ft 


A 


F 


P 


Q 


-23 ,71 


1 Hu PLP 


84 


9 


A 


L 




L 


ii 


1? 
fi 


G 


F 


Y , 


-23 .73 


Hu PLP 


206 


9 


M 


Y 


G 


V 


L 




W 


X 


A 


. -23 .77 


Hu PLP 


153 


9 


V 


G 


- 1 


T 


Y 


A 


L 


T 


V 


-23.80 


Hu PLP 


269 


9 


K 


L 


K 


G 


R 


G 


T 


K 


P 


-23,92 


Hu PLP 


138 


9 


V 


C 


R 




L 


G 


tr 
IV 


ft 


T, 
XJ 




Hu PLP 


3 


9 


L 


L 


B 


C 


C 


A 


R 


C 


L 


-24.02 


Hu PLP 


92 


9 


Y 


T 


T 


G 


A 


V 


R 


Q 


.1 • 


-24,40 


Hu PLP 


21 


9 


A 


T 


G 


L 


C 


P 


F 


G 


V 


-24,47 


Hu PLP 


192 


9 


K 


T 


S 


A 


S 


I 


G 


S 


L 


-24.74 


Hu PLP 


38 


9 


B 


A 


L 


T 


G 


T 


E 


K 


L 


-25,72 


Hu PLP 


105 


9 


K 


T 


T 


I 


C 


G 


K 


G 


L 


-26.97 
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Apper 
HBP 


idix 
9-m€ 


ill 


























Algorithm 


Source 


Peptide 


AA 


1 


1 ^ 


3 


4 


5 


6 


7 


8 


9 


Score 
<iS02) 


Hu IfflP 


110 


9 


S 


1 L 


S 


R 


F 


S 


W 


G 


A 


-21,42 


Hu MBP 


14 


9 


Y 


1 ^ 


A 


T 


A 


S 


T 


H 


D 


-22.01 


Us HBP 


59 


9 


tf 


1 L 


K 


Q 


s 


R 


S 


P 


I* 


-22,60 


Hu HBP 


86 


9 


V 


1 ^ 


H 


F 


F 


K 


H 


I 


V 


-22,80 


Ms HBP 


52 


9 


R 


1 ^ 


S 


G 


K 


V 


P 


ff 


L 


r22.87 


Hu HBP 


16 


9 


A 


1 *^ 


A 


S 


T 


H 


D 


H 


A 


-23,11 


Hu HBP 


37 


9 


I 


L 


D 


S 


l' 


G 


R 


F 


P 


-23-11 


Hu HBP 


108 


9 


G 


1 ^ 


S 


L 


S 


R 


P 


S 


W 


-23-34 


Hu HBP 


93 


9 


I 


V 


T 


P 


R 


T 


P 


P 


P 


-23.41 


Hs HBP 


63 


9 


S 


R 


S 


P 


L 


P 


S 


H 


A 


-23,47 


Hu HBP 


79 


9 


R 


T 


Q 


D 


E 


N 


P 


V 


V 


-23.49 


Hu HBP 


129 


9 


G 


R 


A 


S 


O 


Y 


K 


S 


A 


-23.53 


Hu HBP 


21 


9 


H 


D 


H 


A 


R 


H 


G 


F 


I. 


-23,60 


Hu HBP 


160 


9 


D 


S 


R 


S 


G 


S 


P 


H 


A 


-23.63 


Hs HBP 


75 


9 


P 


G 


h 


C 


H 


U 


Y 


K 


D 


-23.64 


Hu HBP 


112 


9 


S 


R 


F 


s 


W 


G 


A 


B 


6 


-23-77 


Hu HBP 


162 


9 


R 


S 


G 


s 


P 


H 


A 


R 


R 


-23.77 


Hu HBP 


159 


9 


R 


D 


S 


R 


S 


G 


S 


P 


H 


-23.81 


Hu HBP 


85 


9 


P 1 


V 


V 


H 


F 


F 


K 


N 


I 


-23-82 


Ui* Man 
mX HBP 


136 


9 


S 


A 


H 


K 


G 


P 


K 


G 


V 


-23.90 


Hu HBP 


149 


9 


T j 


L 


S 


K 


I 


P 


K 


L 


G 


-23,90 


Ms HBP 


162 


9 


K 


G 


F 


K 


G 


A 


Y 


D 


A 


-23,92 


Hu HBP 


64 


9 


A 1 


R 


T 


A 


H 


Y 


G 


S 


L 


-23,99 


Hs HBP 


166 


9 


G 


A 


Y 


D 


A 


Q 


G 


T 


L 


-24.66 


Hu HBP 


148 


9 


G 


T 


L 


S 


K 


I 


F 


K 


L 


-24.78 


Hu HBP 


145 


9 


D 1 


A 


Q 


G 


T 


L 


S 


K 


I 


-25.25 
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Appendix III 
PLP lO-mers 



Source 


Peptide 


AA 


1 


2 


3 


4 


5' 


6 


7 




9 


10 


Algorithm 
* Score 
(Eb2) V 


Ms PLP 


178 


10 


p 


H 


T 


W 


T 


T 


C 


Q 








Hu PM 


178 


10 


F 


H 


T 


W 


T 


T 


C 


b 






■ ^25v^4-:-^ 


Hu PLP 


204 


10 


A 


R 


H 


Y 


6 


V 


L 






I 


-25^48 


Hu PLP 


1€3 


10 


tf 


L 


L 


V 


P 


A 


C 




•a"'; 




-i25:66 


1 Hu PLP 


218 


10 


K 


V 


C 


G 


S 


N 


L 


L 


• s" 


I . 


-25.89 


Hu PLP 


250 


10 


T 


L 


V 


S 


L 


L 


T 




M 


I 


-26.00 


Hu PLP 


19 


10 


L 


V 


A 


T 


G 


L 


c; 


f': 




G 


-26,25 


Hu PLP 


78 


10 


F 


F 


F 


L 


Y 


G 


A 


L 


■;L" * 


L 


>26. 68 


Hu PLP 


157 


10 


Y 


A 


L 


T 


V 


V 


H 


L 


L 


V 


-i26,72 


Hu PLP 


84 


10 


A 


L 


L 


L 


A 


B 


G 


P 


Y 


T 


-2i6.77 


Hu PLP 


233 


10 


p 


o 


H 


T 


F 


H 


L 


F 


I 


A 


-26,78 


Hu PLP 


80 


10 


F 


• L 


y . 


G 


A 


L 


L 


L 


A 


B 


-26,79 


Hu PLP 


167 


10 


F 


A 


c 


S 


A 


V 


P 


V 


Y 


l" 


-27,28 


Hu PLP 


165 


10 


L 


V 


F 


A 


C 


S 


A 


V 


P 


V 


-27.32 


Hu PLP 


4 


10 


L 


E 


C 


C 


A 


R 


C 


L 


V 


G 


-27,36 


Hu PLP 


253 


10 


S 


L 


L 


T 


F 


H 


I 


A 


A 


T 


-27,42 


Hu PLP 


135 


10 


L 


E 


R 


V 


C 


H 


C 


L 


G 


K 


-27,48 


Hu PLP 


176 


10 


I 


Y 


F 


N 


T 


H 


T 


T 


C 


D 


-27.62 


Hu PLP 


24 


10 


L 


C 


P 


F 


G 


V 


A 


L 


F 


C 


-27.74 


Hu PLP 


146 


10 


L 


G 


H 


P 


D 


K 


F 


V 


G 


-I 


-27.88 


Hu PLP 


237 


10 


F 


H 


L 


F 


I 


A 


A 


F 


V 


G 


-27.95 


Hu PLP 


56 


10 


Q 


D 


Y 


B 


Y 


L 


I 


N 


V 


I 


-27.99 


Hs PLP 


204 


10 


A 


R 


H 


y 


G 


V 


L 


P 


H 


N 


-28.01 


Hu PLP 


158 


10 


A 


L 


T 


V 


V 


W 


L 


L 


V 


F 


-28.04 


Hu PLP 


137 


10 


R 


V 


C 


H 


C 


L 


G 


K 


W 


L 


-28.15 


Hu PLP 


72 


10 


I 


Y 


G 


T 


A 


S 


F 


F 


F 


L 


-28,16 


Hu PLP 


63 


10 




V 


I 


H 


A 


F 


Q 


y 


V 


I 


-28.17 


Hu PLP 


208 


10 


G 


V 


L 


P 


W 


I 


A 


F 


P 


G 


-28.17 


Hu PLP 


27 


10 


F 


6 


V 


A 


L 


F 


C 


G 


C 


G 


-28.29 


Hu PLP 


85 


10 


L 


L 


L 


A 


E 


G 


F 


Y 


T 


T 


-28.32 


Ms PLP 


62 


10 


I 


N 


V 


I 


H 


A 


P 


Q 


C 


V 


-28.33 
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i^endix III 
PLP 10-mers 



Source 


Peptide 




1 


2 


3 


4 




b 


7 


o 




10 


Al^brithin 
Score . - 

(E02} 


Hu PLP 


222 


10 


s 


N 


L 


L 


s 


I 


c 


K 


T 


A 


-28.40 


Hu PLP 


76 


10 


A 


S 


F 


F . 


F 


L 


Y 


G 


A 


L 


-28. « 


Ms PLP 


208 


10 


G 


V 


L 


P 


W 


N 


A 


F 


P 


G 


-28.45 


Hu PLP 


207 


10 


Y 


G 


V 


L 


P 


W 


I 


A 


F 


P 


-28.46 


Hu PLP 


79 


10 


P 


F 


L 


Y 


G 


A 


L 


L 


Xi 


A 


-28.49 


Hu PLP 


236 


10 


T 


F 


H 


L 


F 


I 


A 


A 


F 


V 


-28.50 


Hu PLP 


240 


10 


F 


■I 


A 


A 


F 


V 


G 


A 


A 


A 


-28.51 


Hu PLP 


181 


10 


W 


T 


T 


C 


D 


S 


I 


A 


F 


P 


-28.56 


Hu PLP 


224 


10 


L 


L 


S 


I 


C 


K 


T 


A 


E 


F 


-28.56 


Hu PLP 


10 


10 


C 


L 


V 


6 


A 


P 


F 


A 


S 


L 


-28.62 


Hu PLP 


152 


10 


F 


V 


G 


I 


T 


Y 


A 


L 


T 


V 


-28.64 


Hu PLP 


62 


10 


I 


N 


V 


I • 


H 


A 


F 


Q 


Y 


V 


-28.64 


Hu PLP 


214 


10 


A 


F 


P 


G 


K 


V 


C 


G 


S 


N 


-28.65 


Hu PLP 


188 


10 


A 


F 


P 


S 


K 


T 


S 


A 


S 


I , 


-28.65 


Hu PLP 


99 


10 


Q 


I 


F 


G 


D 


Y 


K 


T 


T 


I 


-28.69 


Hu PLP 


18 


10 


s 


L 


V 


A 


T 


G 


L 


C 


F 


F 


-28.73 


Hu PLP 


3 


10 


L 


L 


E 


C 


C 


A 


R 


C 


L 


V 


-28,75 
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Appendix III 
PLP 10-mers 



1 

[ Source 


Peptide 


AA 


1 


2 


3 


4 


' 5 


6 


7 


8 


9 


10 


Algoritisni 
Score 
(E02) 1 


Hu PLP . 


17 


10 


A 


S 


L 


V 


A 


T 


G 


L 


C 


P 


-28 .76 


Hu PIiP 


144 


10 


K 


W 


L 


G 


H 


P 


D 


K 


P 


V 


-28,78 : 


BIG PIJ> 


181 


10 


w 


T 


T 


C 


Q 


S 


I 


A 


F 


P 


-28;78 1 


Hu PLP 


159 


10 


L 


T 


V 


V 


W 


L 


L 


V 


F 


A 


-28.79 1 


Hu PLP 


174 


10 


V 


y 


I 


Y 


F 


N 


T 


W 


T 


T 


-28.80 1 


Hu PLP 


248 


10 


A 


A 


T 


L 


V 


S 


L 


L 


T 


F 


-28.84 1 


Hu PLP 


23 


10 


G 


L 


C 


F 


F 


G 


V 


A 


L 


P 


-28.87 


Hu PLP 


209 


10 


V 


L 


P 


W 


I 


A 


F 


P 


G 


K 


-28.87 


Hu PLP 


29 


10 


V 


A 


L 


F 


C 


G 


C 


6 


H 


E 


-28.90 


Hu PLP 


261 


10 


A 


T 


y 


N 


F 


A 


V 


L 


K 


L 


-28.92 


Ms PLP 


63 


10 


N 


V 


I • 


H 


A 


P 




C 


V 


I 


-28.93 


Hu PLP 


74 


10 


G 


T 


A 


S 


F 


F 


F 


L 


y 


G 


-28.93 


Hu PLP 


259 


10 


I 


A 


A 


T 


y 


N 


F 


A 


V 


L 


-29.06 


Hu PLP 


242 


10 


A 


A 


F 


V 


G 


A 


A 


A 


T 


L 


-29.24 


Hu PLP 


2 


10 


G 


L 


L 


E 


C 


C 


A 


R 


C 


L 


-29.30 


Hu PLP 


257 


10 


F 


H 


I 


A 


A 


T 


y 


N 


F 


A 


-29.37 


Hu PLP 


20 


10 


V 


A 


T 


G 


L 


C 


F 


F 


G 


V 


-29.41 


MB PLP 


205 


10 


R 


M 


Y 


G 


V 


L 


P 


W 


N 


A 


-29.43 


Hu PLP 


155 


10 


I 


T 


y 


A 


L 


T 


V 


V 


W 


L 


-29.60 


Hu PLP 


30 


10 


A 


L 


F 


C 


G 


C 


G 


H 


E 


A 


-29.70 


Hu PLP 


205 


10 


R 


H 


y 


G 


V 


L 


P 


W 


I 


A 


-29.74 


Hu PLP 


258 


10 


M 


I 


A 


A 


T 


y 


H 


F 


A 


V 


-30,06 


Hu PLP 


234 


10 


Q 


M 


T 


F 


H 


L 


F 


I 


A 


A 


-30,29 


Hu PLP 


238 


10 


H 


L 


F 


I 


A 


A 


F 


V 


6 


A 


-30.64 


Hu PLP 


246 


10 


G 


A 


A 


A 


T 


L 


V 


s 


L 


L 


-30.64 


Hu PLP 


38 


10 


E 


A 


L 


T 


G 


T 


B 


K 


L 


I 


-30,92 


Hu PLP 


230 


10 


T 


A 


E 


F 


Q 


H 


T 


F 


H 


L 


-31.03 


Hu PLP 


11 


10 


L 


V 


G 


A 


p 


F 


A 


S 


L 


V 


-31,25 


Hu PLP 


201 


10 


C 


A 


D 


A 


R 


M 


y 


G 


V 


L 


-31.73 
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J^pendix III 
PLP ll-mers 



1 

If 

II OOUxCC 




AH 
MM 


1 

•X 


- A 




A 

t, 


e 




7 


o 

. o 


q 


XU' 


XX 


Algorithm 
Score 

\ bW* / 


1 Hu PLP 


2 


11 


G 


L 


L 


G 


c 


c 


A 


R 


C 


. L 


V 




1 Hu PXiP 


10 


11 


C 


L 


V 


G 


A 


p 


P 


A 


s 


L 


y 




1 Hu PLP 


19 


11 


L 


V 


A 


T 


G 


L 


C 


F 


F 


G 






1 Hu PliP 


21 


11 


A 


T 


G 


L 


C 


F 


F 


G 


V 


A 


L 




Hu PIiP 


30 


11 


A 


L 


F 


C 


G 


C 


G 


H 


B 


A 


L 




Hu PhP 


€1 


11 


L 


I . 


H 


V 


I 


H 


A 


F 


Q 


Y 


V 




Ms PLP 


61 


11 


L 


I 


N 


V 


I 


H 


A 


F 


Q 


C 


V 




Hu PLP 


71 


11 


V 


I 


y 


G 


T 


A 


S 


F 


F 


F 


L 




Hu PLP 


75 


11 


T 


A 


S 


F 


F 


F 


L 


Y 


G 


. A 


L 




Hu PLP 


86 


11 


L 


L 


A 


B 


G 


F 


Y 


T 


T 


G 


A 




Hu PLP 


87 


11 


L 


A 


B 


G 


F 


Y 


T 


T 


G 


A 


V 




Hu PLP 


107 


11 


T 


I 


C 


G 


K 


G 


L 


S 


A 


T 


V 




Hu PLP 


145 


11 


V 


L 


G 


H 


P 


D 


K 


F 


V 


G 


I 




Hu PLP 


152 


11 


F 


V 


G 


I 


T 


Y 


A 


L 


T 


V 


V 




Hu PLP 


154 


11 


G 


I 


T 


Y 


A 


L 


T 


V 


V 


w 


L 




Hu PLP 


155 


11 


I 


T 


y 


A 


L 


T 


V 


V 


W 


L 


L 




Hu PLP 


158 


11 


A 


L 


T 


V 


V 


W 


L 


L 


V 


F 


A 




Hu PLP 


164 


11 


L 


L 


V 


F 


A 


C 


S 


A 


V 


P 


V 




Hu PI<P 


187 


11 


I 
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D J^spendix III 
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WHAT IS CLAIMED IS : 

1* A coir5)osition conqprising an immunpgenic peptide 
having an HLA-A2.1 binding motif, which innminogenic peptiSie 
5 has 9 residues cind the following residues: 

a first conserved residue at the second position 
from the N- terminus selected from the group consisting of ^^^I^^^ , 
V, A and T; ■ ^'^ K""-' 

a second conserved residue at the C- terminal 
10 position selected from the group consisting of V, L, I, A cuid 
M. 

2. A composition coiiqprising am immimogenic peptide 
having an HLA-A2.1 binding motif, which imiminogenic peptide 

15 has 9 residues: 

a first conserved residue at the second position 
from the N- terminus selected from the group consisting of L, 
M, I, V,, A and T; 

a second conserved residue at the C- terminal 
20 position selected from the group consisting of A and M; 

3. The composition of claim 1, wherein the amino 
acid at position 1 is not aui amino acid selected from the 
group consisting of D, and P. 

25 

4. The contposition of claim 2, wherein the amino 
acid at position 1 is not an amino acid selected from the 
group consisting of D, and P. 

30 5, The composition of claim l, wherein the amino 

acid at position 3 from the N- terminus is not an amino acid 
selected from the group consisting of D, E, R, K and 

6- The coitposition of claim 2, wherein the amino 
35 acid at position 3 from the N- terminus is not an amino acid 
selected from the group consisting of D, E, R, K and H 
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7, The conqobsitibn of claim 1, wherein the amino 
acid at position 6 from the N- terminus is not an amino aci4 
selected from the group consisting of R, K and H; 

5 8, The coii5>osition of claim 2 , wherein the >^ 

acid at position 6 from the N- terminus is ndt/sm a^ acid 
selected f rom the group consisting of R, IK an^^ \ : 

9. The con^sition of claim 1, >riiereln^^ 

10 acid at position 1 from the N- terminus is hot v?^^^^^ acid 
selected from the group consisting of R, K, H/ b and E, 

10. The con?>osition of claim 2, Wherein t^^ 
acid at position 7 from the N- terminus is riot ;ah amino acid 

15 selected from the group consisting of R/ Kv H, D and E. 

11. A conposition conprising an Immunogenic peptide 
having an HLA-A2.1 binding motif , which immunogenic peptide 
has about 10 residues: 

20 a first conserved residue at the second position 

from the N- terminus selected from the group consisting of L, 
M, I, V, A, cUld T; cmd 

a second conserved residue at the C- terminal 
position selected from the group consisting of V, 1, A and 

25 M; 

wherein the first cuid second conserved residues are 
separated by 7 residues. 

12. The composition of claim 11, wherein the amino 
30 acid at position 1 is not an amino acid selected from the 

group consisting of D, E and P. 

13. The con?>osition of claim 11, wherein the amino 
acid at position 3 from the N- terminus is not an amino acid 

35 selected from the group consisting of D and E. 
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14. The con^sitioh o£ claim 11, wherein the amino 
acid at position 4 from the N-tenninus is not an amino acid 
selected from the group consisting of A, K, R and H. 

5 15, The composition of claim 11, wherein the amino 

acid at positon 5 from the N- terminus is not P. 

16. The composition of claim 11, wherein the amino 
acid at jposition 7 from the N- terminus is not an amino acid 

10 selected from the group consisting of R, K and H. 

17. The conqposition of claim 11, wherein the amino 
acid at position 8 from the N- terminus is hot an aznii^o acid 
selected from the group consisting of D, E, R, K cuid H. 

15 

18. The composition of claim 11, wherein the amino 
acid at position 9 from the N- terminus is not an amino acid 
selected from the group consisting pf R, K and H. 

20 19. A pharmaceutical conqposition comprising a 

pahramceutically acceptcdsle carrier and a therapeutically 
effective amount of a peptide capable of binding an HLA-A2.1 
moelcule cuid inducing cm immune response in a mammal. 

25 20, The pharmaceutical coir?)osition of claim 19, 

wherein the peptide has a formula as follows: TLGIVCPI. 

21. The pharamceutical composition of claim 19, 
further conqprising a peptide having a formula as follows: 

30 YMLDLQPBTT. 

22. The pharmaceutical con^osition of claim 19, 
further con5)rising a T helper peptide. 

35 23. The pharmaceutical con5)osition of claim 22, 

wherein the T helper peptide has a formula as follows: 
aKXVAAWTLKAAa, wherein a is D-alanine and X is 
cyclohexylalanine . 
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HLA-A PURIFICAtlON AND 
PEPTIDE ELUTIOM 



CELLULAR SOURCE: HLA*ANTI6ENS 
(S-IOilOd CELL EQUIVALENTS) 



0ETER6ENT LYSIS 
(I08 CaLS/nl) 



A) EBV TRANSFORMED B CELL 
LINES ' HOMOZYGOUS 

B) HLA-A TRANSFECTANTS ' 
e.a. .22l-ilLA-A( 

C) P«I5 TRAHSFECTANTS 
(MOUSE MASTOCnONA) 

1% NP-40 OR 1% RENEX 30 PLUS 
PROTEASE INHIBITORS - I HR. 4*C 



DETERGENT LYSATE 



AFFINITY CHROMATOGRAPHY 



CENTRIFU6ATI0N AT 15.000x9, 
30MIN. 



oAb-SEPHAROSE 5 mg/mi 
5-10 ml COLUMN 



PURIFIED HLA-A ANTIGEN 



ANTICIPATED YIELDS 450-900)19 



ACID TREATMENT 



10% ACETIC ACID. 5 NIN. IO0*C 



PEPTIDES 



YM3 FILTRATION, 31(0 CUT-OFF 



SEQUENCE/MOTIF 



0. HUNT - HPLC/EI-TMS 
CYTEL- HPLC/ABI 477A 



FIG, I, 
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